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The birth rate varies considerably in different 
countries. Shortly before the war the lowest birth 
rate was reported from Austria and the highest 
from Mexico, and probably about the same relation- 
ship exists today (Fig. 1). If the birth rate is 
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constantly very low there will eventually be a 
decrease in the population; if it is very high an 


increase will follow, other factors remaining 
unchanged. The threshold value of the birth rate 
constituting the border line between decline and 
increase of a population is 20, that is 20 newborns 
annually for every 1,000 inhabitants. As is shown 
in Fig. 1 there are several west and north 
European countries, Great Britain and Sweden 
among them, that have a birth rate below 20, and 
in the long run these countries are threatened by 
depopulation. These two countries face the 
common problems and consequences of a declining 
birth rate; the conditions in Sweden, however, are 
worse than in Britain as the birth rate in Sweden 
has fallen lower. In this lecture I will consider 
some of the more important problems of a too low 
birth rate as they have already shown themselves 
in Sweden. The same problems should be of 
interest in Great Britain. I will draw attention to 





* The second Windermere Lecture delivered to the 
Paediatric Association at Windermere in April, 1950 
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some social consequences, and I will discuss the 
declining birth rate from the medical, and especially 
the paediatric, point of view. 

In Sweden we have population statistics dating 
back to 1750. As will be seen from Fig. 2 the birth 
rate has not been below 20 for any considerable 
length of time. At the end of the last century and 
at the beginning of the present the birth rate was 
rather high, 25 or more, although a tendency to 
decline was apparent. We had a sufficient number 
of newborns until the end of world warI. But from 
1919 onwards the birth rate has been below 20, reach- 
ing its lowest level, 13-6, in 1934. Then arise began, 
and 10 years later the rate was again 20 for some 
years. The last available figure, for 1949, is 17. 
I will return later to the cause of this temporary rise 
in the birth rate. 

It is of interest to study how the declining birth 
rate has influenced the population. So far there 
has been a steady increase but in a decade or two 
the number of inhabitants will be fewer, if they are 
not artificially kept at the present level by immigra- 
tion. 

Before the present critical situation the question 
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was often asked, ‘ Is some decrease of a population 
to be regarded as a disadvantage ? Was there not 
in some areas already, under normal conditions, a 
certain surplus of industrial workers with consequent 
unemployment?’ This unemployment and the 
difficulty of getting a sufficient livelihood resulted, 
about 50 to 100 years ago, in an emigration from 
Sweden, especially to the United States (Fig 3). 
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This was greatest at the end of the last and the 
beginning of this century. At that time, before the 
rapid development of industrialization, Sweden had 
no doubt too many inhabitants. It has been 
maintained that if all these young, efficient emigrants 
had remained in their home country we should now 
have about ten million instead of seven million 
inhabitants. This would probably be too many and 
would have given rise to social and medical problems 
of different kinds. That a surplus of inhabitants 
may constitute a great disadvantage is apparent 
now in several south and east European and far 
eastern countries. But why is it important that 
the number of inhabitants should remain constant 
or at all events not be reduced ?_ I cannot quote all 
the arguments that have been advocated and want 
only to stress some consequences of social and 
medical importance which can with certainty be 
foreseen. 


The Swedish Population Pyramid 


In a normal population there is a great number 
of children and adolescents, a small number of old 
people, and in between a large number of individuals 
of productive age. If each age group of the 
population is placed on the next younger one a 
figure results shaped like a triangle or a pyramid, 
the so-called population pyramid (Fig. 4). From 
the form of the population pyramid the com- 
position of the population in the near future can be 
deduced. It can be calculated in advance how much 
every age group will be decreased by death. A low 
birth rate will, after some decades, cause a relative 
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decrease in the productive age groups and an 
increase in the number of the unproductive ‘ old 
age ’’group. Only naturally occurring catastrophes, 
widespread epidemics, or war may cause any marked 
deviation from such a development. 

The form of the Swedish population pyramid has 
changed, influenced by the declining birth rate, 
and we can now conclude what may happen in the 
future. The number of individuals in the youngest 
productive age group, 20-35 years, is going to be 
markedly reduced, from 1,600,000 in 1940 to 
1,200,000 in 1960, while the old unproductive group 
will be enlarged (Fig. 5). To-day we have 600,000 
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old people; in 20 years’ time they will have increased 
to 820,000. In 1985 we will have double the number 
of old people compared with to-day. The decreased 
death rate has contributed to this increase of old 
people. The expectancy of life (Fig. 6) in Sweden 
has been gradually increasing and is at present 
about 70. 
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It is this combination of a small number of births 
and the increasing number of old people that 
constitutes the seriousness of the present situation. 
It is the productive individuals who have to give 
birth to children and to take care of them and of 
old people and this task will become more and more 
difficult; while the number of people belonging to 
this productive group is decreasing, the unproductive 
groups are increasing. In 1880, nine people were 
responsible for only one old person; in 1980, nine 
people will have to support three old men or women. 
A problem of the future will doubtlessly be the 
building of homes and hospitals for old people, and 
this task will be made more difficult by a shortage 
of nurses. ‘The problem of taking care of old 
people has already become more and more obvious 
and pressing in Sweden. There have been many 
alarming articles on this question in newspapers and 
journals, and many lectures and discussions at 
medical and social welfare meetings. Geriatry 
will without doubt be a very important branch 
of internal medicine. 

A factor which makes the situation especially 
serious is that Swedish women of childbearing age 
are rapidly decreasing in number. This development 
is exactly the opposite to that of the old age group. 
To-day we have 800,000 females of 20-45. Every 
year their number is decreasing by many thousands. 
In 20 years’ time the number will be reduced to only 
600,000. The fewer the females of childbearing 
age the more difficult will it be to obtain the 


necessary birth rate of 20 per thousand correspond- 
ing to about 130,000 children annually. 


The Marriage Situation 

I have pointed out that the birth rate has, as a 
matter of fact, increased lately from 13-6 in 1934 
to 21 in 1945 (Fig. 7). This development caused 
general satisfaction and hope. It was also suggested 
that everything was all right again. This was 
unfortunately a somewhat premature conclusion as 
the birth rate is again falling. The temporary 
increase in the number of births is principally due 
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to the very high marriage rate during recent years 
(Fig. 8). It is evident that the largest number of 
infants are born in the youngest families, while the 
lowest number is born in older families. In the 
former there are three times as many children born 
annually as in marriages five to ten years old. The 
variations in the marriage rate are seen in the table. 
In 1942-45 there were 62-63,000 marriages annually. 
Unfortunately it is not possible to depend on the 
same rate in the future. As soon as the small age 
groups from 1930 onwards become old enough for 
marrying there will be a decrease in the absolute 
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number of marriages. In 1934 only 85,000 infants 
were born. Even if all these children should 
develop normally and reach maturity we could only 
expect at most 42,000 marriages, that is, one-third 
fewer than in the middle of the last decade. In 
addition an artificial, abnormal geographical distri- 
bution of men and women throughout the country 
will make marrying still more difficult. Nature has 
tried to guarantee that every man should get a wife, 
and every woman a husband. At birth there are 
always more boys than girls, about 106 boys to 
100 girls. By a higher death rate among the males 
this relationship is changed during childhood, and 
when men and women have attained sexual maturity 
their number is identical and theoretically speaking 
all could marry. There are two factors that can 
interfere with this favourable marriage situation: 
wars and changes in the male-female composition 
of the population in different areas. We have not 
been involved in any war for the last 140 years. 
However, the influence of the other factor is evident. 
There has been a continuous influx from rural to 
urban districts, the adolescent girls moving into 
the towns in a greater number than the adolescent 


boys. Consequently there is a deficiency of women. 


in the country and a surplus in the cities. In 1940 
there were 700 unmarried adult women in the 
country for every 1,000 adult men. Out of 100 
young farmers, aged 20-35, there are 40 who would 
have difficulty in finding a wife; the girls they should 
have married had departed to a town. This 
relationship is reversed in the towns where thousands 
of unmarried women face the problem of finding a 
husband. In the city of Stockholm there are about 
1,500 women for every 1,000 men; and in 1949, 
there were 60,000 more females than males. This 
can only lead to a lower marriage rate and therefore 
to a decreased legitimate birth rate. As long as 
female workers are as ardently required in towns as 
they are now, and as long as they are much better 
paid than in the country, then we shall have a 
Migration of young females to the towns. They 
consider urban life more tempting, exciting, and 
interesting than rural. 

For many married women in the cities working 
outside their homes, it is often very difficult to 
manage the household without a servant. If they 
get no maid, then they cannot have children, and 
if they get a girl from the country as a maid, the 
latter is prevented from getting married because she 
has left behind the man who may have been her 
husband. For the continuation of the population 
at the present level, it is important that rural 
adolescent girls do not move to urban areas but 
remain in their home district and marry one of their 
neighbours. 
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The Swedish Law of Abortion 

This abnormal migration to the cities has als» 
other consequences which are of importance fror) 
the point of view of preserving the population. The 
young girl who moves in to the town cannot be 
married because she cannot find any man to marry. 
But it is, on the other hand, too easy for her to 
develop friendships which result in pregnancy. 
The unmarried expectant mother knows fairly well 
the attitude of society to her difficult position, anc 
in despair believes that the only solution to her 
problem is to get rid of the expected child. She 
thinks that she has the right to determine the fate 
of the germinating life in her body and she turns to 
a quack abortionist. How many such criminal 
abortions there are annually in Sweden nobody can 
tell because most of them never come to our 
knowledge. Their number is considered to be about 
10,000. In Stockholm the annual number of cases 
is probably about 1,000. Every criminal abortion 
is a lost life which ought to have been spared to our 
country with its too few children, and it is obviously 
not only of an ethical but of a national interest to 
combat criminal abortion. In order to diminish 
the number of criminal abortions a law was passed 
by the Swedish parliament 10 years ago allowing 
legal termination of pregnancy under certain 
conditions, e.g. mental disturbances connected with 
pregnancy. Very few women took advantage of 
this law during the first five years. Then social 
workers were appointed for the specific purpose of 
contacting potential abortion cases to try to 
determine the motives of these women, to give them 
advice and help, and the necessary moral and 
economic support, in order to prevent criminal 
abortion. In this they often succeed; instead there 
has occurred a marked and continuous increase of 
legal abortions. In 1949 the social workers in 
Stockholm were consulted by 2,000 pregnant women 
who wanted abortion. In 1,000 cases legal abortion 
was granted and performed; in about 800 cases the 
expectant mother was persuaded to give birth to 
her child. In the whole of Sweden there were more 
than 5,000 legal abortions last year. This corre- 
sponds to one legal abortion for every 300 women 
in the childbearing age annually or to one legal 
abortion for every 20 deliveries. Their number is 
now approaching the estimated number of criminal 
abortions which the law allowing legal abortion 
should abolish. Responsible people have become 
alarmed by the consequences of the law, and some 
doubt as to the justice of the indications has been 
aroused. In addition people have been worried by 
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serious complications of the operation. Some 
months ago the government appointed an expert 


committee to study the problem and to suggest 
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changes and improvements in the law. I have been 
told that a similar law has been discussed in Great 
Britain but so far has not been pressed as public 
opinion is against it. From the point of view of 
the population problem in our country with its low 
birth rate, the value of legal abortions as a weapon 
against criminal abortions is doubtful, also when 
one considers the decrease in fertility so often 
produced. 

Children born out of wedlock are, as a rule, not 
only from the point of view of the mother but also 
of the community, ‘unwanted children.’ They 
make bad citizens more frequently than other 
children and are more often in trouble with the 
police and the community. In Sweden as a whole 
every sixth child is illegitimate; of those admitted 
to reformatory schools for delinquent juveniles 
every third child belongs to this category. The 
cause of the increased incidence of delinquency 
among illegitimate children is probably not, in the 
majority of cases, due to unsatisfactory hereditary 
qualities, but rather to their inferior upbringing. 
They are often boarded out in foster homes that are 
frequently changed, and the children have no 
feeling of security. If the unmarried mother tries 
to take care of her child herself, she usually places 
him in a day nursery with its lack of individual care 
and education. 


The Problem of the Racially Unfit 


In the choice between no children at all and good 
children born of unmarried mothers, the community 
prefers the last. An infant born out of wedlock 
can sometimes be a more valuable member of the 
community than a child born of a married mother, 
if the former is of good quality, and the latter is not. 
We want children who are healthy, who can develop 
in a normal way and have satisfactory hereditary 
qualities. Those who are degenerated, or become 
imbecile, psychotic or antisocial, whether illegitimate 
or legitimate, should never have been born. No 
matter how important it is to increase the birth rate, 
we must never forget that quality is preferable to 
quantity. Every measure aiming at an increase in 
the population should promote the fertility among 
responsible people and prevent the fertility of 
inferior persons. Otherwise the breed may 
degenerate. Birth control is, therefore, an important 
factor in sound population planning. Unfortunately 
voluntary birth control is generally applied in 
families with satisfactory genetic backgrounds, with 
good social conditions and a solid economy, while 
it is scarcely applied at all in families where pro- 
creation is less desirable. At least, one gets that 
impression when observing the great number of 
children in families who are hereditarily unstable 
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and, from the point of view of race, unsatisfactory. 
People belonging to the latter category multiply 
many times more rapidly than do other people. In 
the Swedish population we are burdened with an 
antisocial, criminal group of foreign extraction, the 
so-called tattare; they have, on an average, four 
times as many children as ordinary Swedish families. 

Over 200 years ago the Swedish government 
recognized the danger of deterioration of the race 
by the birth of hereditarily unsatisfactory children, 
and tried to prevent the consequences by a law 
prohibiting such marriages. This concerned 
imbeciles, lunatics, and a certain group of epileptics. 
This prohibition still remains, and it may be 
justified from a medical point of view based on 
sound grounds, but in practice it is illusory; if the 
children are not allowed to be born if the couple 
are married, then they are born without any 
marriage, and often in greater number than in 
healthy families. The only real, rational, and 
medically to be recommended method of preventing 
births of unwanted children in degenerate families 
is sterilization or lasting internment. As the latter 
method is inhuman and impossible to carry out for 
financial reasons, sterilization is the only way. It 
is, of course, not possible to determine in advance 
the remote effect of sterilization of degenerate 
individuals on the incidence of inherited genetic 
factors in the population. One thing is, however, 
evident; as parents such people are unfit. The 
rearing of their children must sooner or later be 
handed over to the community, and this is very 
expensive with the system now in force in Sweden. 
The building of children’s homes, of hospitals for 
mental defectives, of reformatory schools for 
delinquent juveniles, constitutes a very heavy 
financial burden on the community, not to mention 
the annual working expenses. The annual cost for 
one child in such an institution is about the same 
as the average income for a labourer with a wife 
and a family of three or more children. These 
economic factors are strong arguments in favour of 
the sterilization of mentally defective and degenerate 
individuals. 

Sweden has been rather slow in tackling these 
problems. Our first law on sterilization was passed 
in 1935, and a somewhat improved law a few years 
later, but it is still not sufficiently effective. It is, 
for example, still not permitted to sterilize a person, 
responsible in the legal sense, without his or her 
consent, a procedure which is often highly desirable. 
Such is the case with the antisocial group of the 
Swedish population just mentioned, the so-called 
tattare. They have to decide for themselves whether 
they want to be sterilized or not, and nobody, of 
course, accepts the suggested operation. It must 
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be regarded as a highly misdirected humanity on 
the part of the community to support and take care 
of numerous degenerated, child-producing indi- 
viduals without at the same time sterilizing them. 
In this way the country burdens its loyal citizens 
and prevents them by heavy taxation from giving 
birth to their own children. We get ‘ elf children ’ 
instead of those we cannot afford and who should 
have been but were not born. 


The Infant Mortality Rate in Sweden 


For the maintenance of a population it is not 
sufficient that children are born healthy with a 
satisfactory genetic background; they must also be 
cared for and brought up in such a manner that 
they remain alive and in good health. In this 
respect, considerable improvements have occurred 
but much has yet to be done. In comparison with 
other countries the infant mortality rate in Sweden 
is very low (Figs. 9 and 10). According to the last 
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report it was only 27 per thousand. If we go as far 
back as our mortality statistics permit, to 1750, we 
find that at that time, more than 200 out of every 
1,000 newborn babies died during the first year of 


life. If we should have had the same 
mortality rate now, we should have annually about 
20-25,000 young infants fewer. This excellent 
improvement in the mortality rate is due to tke 
prevention of acquired diseases in children. 

To what new low level our infant mortality rate 
may decrease is difficult to estimate. In the northera 
districts of Sweden it is high compared with the 
country as a whole, but especially high compared 
with some of the southern districts. If the mortality 
rate could be lowered in the northern part of 
Sweden to the same level as in the southern part the 
average mortality rate would decline considerably 
and our country be enriched by some thousands of 
children. In our large cities the mortality rate is 
much lower than that of the whole country; in 
Stockholm, for instance, it is only 19 per thousand. 
In the cities the child welfare services are better than 
in the rural districts; preventive measures have 
been more successful and the access to physicians, 
especially paediatricians, is easier. Before 1920 the 
position was reversed: a lower mortality in the 
country than in the towns. Since then it has fallen 
to a greater extent in urban areas so that in 1946 
the rates were 24-5 per thousand in the cities and 
28-2 per thousand in country districts. 


The Neonatal Mortality Rate in Sweden 


No matter how excellently the children are cared 
for after birth, they can develop fatal diseases before 
birth or before any prophylactic measures have had 
time to become effective. Even the best child welfare 
service cannot be fully effective in the early days of 
life. It is well known that the neonatal mortality 
in many countries, including Sweden, has not shown 
any tendency to decrease (Fig. 11). These problems 
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were well presented by Professor Moncrieff at the 
International Congress of Paediatrics in 1947. 
During the past 50 years it has remained at much 
the same level and, indeed, during the last 10 to 
20 years, has shown a tendency to rise. This must 
be regarded as an unsatisfactory development. A 
closer study. shows that this change for the worse 
concerns only the first five days of life. A similar 
trend has occurred with the stillbirth rate (Fig. 12). 
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The curves in both cases run roughly horizontally 
and have the same tendency to rise. The similarity 
of these two curves, the stillbirth and the neonatal 
death rate, suggests that the causes of death in 
stillborn infants and in infants who die shortly after 
birth are much the same. Together, they include 
thousands of victims annually and in this way bring 
about a considerable decrease in the group of 
surviving children. If these two categories of death 
could be totally eliminated the increase in the 
number of Swedish children should be between 
4,000 and 5,000 every year. 

The social, hygienic, economic, and psychological 
factors, which have brought about a considerable 
decrease in mortality during the rest of the first year 
of life, have apparently had little influence on either 
the stillbirths or neonatal death rate (Fig. 13). 
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This is because neonatal mortality, with relatively 


few exceptions, results from illnesses, developing 
before or during delivery, while the mortality after 


the newborn period is principally due to diseases 
acquired after birth. These latter can, to a consider- 
able extent, be prevented by a good infant welfare 
service and it is for this reason that this rate has 
decreased so much. The neonatal death rate can 
only to a very small degree be improved by pre- 
ventive measures after birth. 

The most important measure in the fight against 
the high neonatal mortality is obviously the pre- 
vention of prematurity and providing optimal care 
of the prematures. This means the satisfactory care 
and supervision of the pregnant woman to prevent, 
detect, and treat those diseases of pregnancy that 
can result in a premature delivery or a stillbirth; 
to guarantee to the mother suitable social conditions ; 
to remove causes of anxiety, overwork, and 
privations of various kinds; and to advise against 
careless and imprudent living. This is the aim of 
the maternity welfare centre (Fig. 14). In these 
centres pregnant women are examined and their 
state of health and living conditions supervised by 
physicians and midwives; they are given information 
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about diet, hygiene, and mode of living to ensure, 
as far as possible, a pregnancy and delivery free from 
complications. This branch of preventive medicine 
on a nation-wide basis was introduced in Sweden 
15 years ago. It has since then developed slowly, 
and we hope that, when fully accomplished and 
adequately organized, it will play a more and more 
important part in the lowering of the neonatal 
mortality rate, and therefore, be of considerable 
value from the point of view of an increase in the 
population. 

That a good maternity welfare service should 
improve the chances of life for newly born babies 
is shown by a comparison of the neonatal death 
rates of children born out of wedlock with those of 
married mothers (Fig. 15). The prospects of 
children born out of wedlock have been particularly 
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bad, due both to ignorance on the part of the mother 
and to unsatisfactory social conditions. The 
mother has to start work as soon as possible after 
delivery, and therefore, she is unable to look after 
the child herself, but must board it out. The child 
is, as a rule, sent to the least expensive foster home 
which is often, at the same time, the least satisfactory 
one. It is not surprising then that the mortality 
rate, especially some decades ago, was considerably 
higher among the illegitimate children than among 
the legitimate (Fig. 16). 
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The inferior living conditions of the unmarried 
mother affect the child long before it is born. The 
pregnancy ends much more often in a missed 
abortion, or the infant frequently dies in utero or 
as a premature during the neonatal period. The 
newborn illegitimate child is apparently much the 
worse off. The incidence of stillbirths is also much 
higher when the mothers are not married. This is 
very important from the point of view of the popula- 
tion problem. In Sweden illegitimate children 
constitute a very large group. A decade ago the 
number of these children was 18% of all births and 
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is now about 10%. Unmarried mothers are usually 
poor women living in difficult circumstances. That 
there is a correlation between the infant mortality 
rate and the financial situation of the family is well 
known. It is obvious that a wealthy woman has a 
considerably greater chance to take care of herself 
during pregnancy than a woman who must work all 
day and has no time, or perhaps, because of fatigue, 
forgets to consider her own health. By raising the 
social and economic conditions of unmarried 
mothers to the level of married women it ought to 
be possible to decrease the higher mortality rate of 
the illegitimate children during the neonatal period. 
This has been done generously by the community 
which has provided financial support, ensured 
alimony from the father of the child, and satisfactory 
living conditions. 

There is another factor which has a great influence 
on the poorer chance of life for the illegitimate 
child; they are mostly the first born and only 
child. It is well known that the first child runs 
greater risks than the next two. According to a 
British report, there were 54 neonatal deaths among 
every 1,000 first-born children, 31-among the second 
children, and 29 among the third. It is evident that 
the number of first deliveries is much higher in a 
population with a low birth rate than in one with 
a high birth rate. The lower the number of children 
born the greater is the number of first children and 
they have a higher mortality during the neonatal 
period. The higher the birth rate the more frequently 
will there be second and third children, and the 
lower should be the neonatal mortality. Therefore, 
an increase in the birth rate will influence the infant 
mortality rate, and, in turn, lead to a further 
increase in the number of children in the population. 


Social and Economic Factors Influencing the Birth 
Rate 

We now have returned to our starting point, the 
birth rate. Of importance both for an improved 
birth rate and for family life are satisfactory homes. 
Poor housing conditions counteract an increased 
birth rate. From a medical point of view the 
condition of the home is, of course, very important, 
especially when there are several children in the 
family. In narrow, dark, overcrowded, slum areas 
fewer children are healthy and develop satisfactorily. 
From this point of view the conditions in Sweden 
are not at all what they should be. Since the 
beginning of 1940 there has been an increasing 
scarcity of homes due mainly to the lack of labourers 
and building materials. This scarcity, most marked 
in the cities, makes the start of family life difficult 
for the unmarried and the bearing and upbringing of 
children difficult for the married. Living conditions 


Oita 


ma ~_ h06oethlUC kl SlCi a SlClChUCO 


ly 
at 
ty 
=1I 


If 
rl] 
e, 
he 


to 
of 


ty 
od 
ry 


ce 
te 


THE DECLINING BIRTH RATE IN SWEDEN 105 


in the cities discourage in another way an increase 
in the birth rate; more women tend to have 
work outside their homes than in the country 
districts. It is obvious that there is no reason why 
a family with children should have a lower income 
than a family or an unmarried woman without 
children. Nor is it right that a married woman with 
children should have to resign from a well paid job 
to be replaced by an unmarried woman or by a 
married woman with no children. On the contrary, 
if the family is in an unsatisfactory financial position, 
the wife must work in order to be able to help to 
support the family. Unfortunately work outside the 
home often directly leads to birth control and a 
childless marriage. The working married women 
in Sweden are more than twice as often childless as 
those who have no outside work, and those who 
have children have a number that is only half of 
that in families without working mothers. The 
number of working married women is not small; 
in Stockho]m one-third of the married women work 
outside their homes. A woman who has a high 
income through her work does not like to leave this, 
to alter her habits or lower her standard of living, 
or to cut down on money for amusements and 
clothes. This is regarded as a great sacrifice and 
has to be done both when contemplating marriage 
and, if already married, when expecting the birth of 
a child. 

A low population in any country is dangerous for 
that nation when neighbouring countries have an 
excess of population. The least unfortunate thing 
that may happen is immigration with all its biological 
and political consequences and its risks of destroying 
the original race. By the policy of admitting 
refugees which our government has justly followed 
since the first world war we have already got an 











important foreign element in our population 
(Fig. 17). This has not always been to our benefit. 
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In addition, several groups of workers have been 
imported from Italy and Hungary in order to satisfy 
the demand for specially trained labour in factories 


and in the fields. This is only the beginning. In 
every profession we find more and more the same 
tendency towards a shortage of labour. From a 
medical point of view I only want to stress the 
shortage of nurses and hospital personnel which 
has resulted in the closing down of a great number 
of hospital wards. At present the Swedish govern- 
ment is busy arranging for the admission of 200 
physicians from Austria in order to fill vacancies 
in the ranks of our own profession. 

The worst thing that can happen as the result of 
the declining birth rate and decreasing population 
is that we may become an easy prey for imperialistic 
foreign powers to the destruction of our culture and 
the annihilation of the Nordic race. History tells 
us what the future of a people may be if the birth 
rate remains low and if the influx to the towns 
continues. Thus the much admired ancient Hellenic 
people succumbed. One of the great Greek 
historians, Polybius (c. 201-121 B.c.) said that the 
most fertile group of the Hellenic people, the farmers, 
had decreased in numbers by emigrating into the 
towns. The whole of Greece suffered from a low 
birth rate with the result that in time the fields lacked 
labourers, and even the cities began to have fewer 
and fewer inhabitants. The Hellenic people did not 
want to marry, and, if they did, they did not like to 
bring up many children, at most only one or two 
in order to allow these to grow up in prosperity and 
inherit an undivided fortune. The Hellenic people 
finally succumbed and Greece was invaded by a 
foreign race. Comparing only the problems of 
population of ancient Greece and those of present- 
day Sweden it is obvious how similar conditions are. 
We are afraid that what happened to the Hellenic 
people will happen to us. 

This is the outline of the disquieting features of 
the population situation due to a declining birth rate 
in Sweden to-day. A low birth rate is not principally 
an economic problem; in the well-to-do classes of 
the population it is rather lower than in the lowest 
income group. The futility and fallacy of promoting 
an increased birth rate by different kinds of subsidies 
and the improvement of the general economic level 
has been sufficiently demonstrated. The only 
solution of the problem seems to be an increased 
marriage rate, an increased number of children in 
every family, a decreased emigration from rural 
districts, and improved housing facilities. Above 
all nations must be better informed of the con- 
sequences of a decrease in the population. Only 
this, combined with propaganda for new ideals and 
a new outlook on life and a revaluation of those 
things that make life worth living, will permit future 
generations of our people to remain independent, 
free, and prosperous. 








PHYSIOLOGICAL HYPERBILIRUBINAEMIA IN THE 
NEWBORN AND THE RESERVOIR FUNCTION OF 
THE SPLEEN 


BY 


Y. AKERREN 
From the Medical Department of the Children’s Hospital, Gothenberg, Sweden 


(RECEIVED FOR PUBLICATION JUNE 28, 1950) 


In a stimulating article on the genesis of icterus 
neonatorum Weech (1947) says: 


* Physiological hyperbilirubinaemia can be viewed 
as an explosion which marks the infant’s entry in 
the world ... The sudden change from life in 
amniotic fluid to life in an atmosphere of air con- 
stitutes the trigger which fires the charge in all 
infants . . An accelerated destruction of haemo- 
globin begins within a few hours after birth, the 
destruction apparently being initiated by the onset 
of pulmonary respiration. The velocity of destruc- 
tion is more rapid during the first two or three days 
of life than after the infant is older.’ 


With these words Weech has characterized one of 
the factors which, according to the hepato- 
haematogenous theory of the genesis of icterus 
neonatorum, is a factor in the appearance of 
physiological hyperbilirubinaemia in the newborn. 
The other is the hepatic one. The degree of develop- 
ment and the functional capacity of the liver at 
birth affect the degree and duration of the hyper- 
bilirubinaemia. Many authors, first among them 
Ylpp6 (1913), have held that there was insufficient 
reason to assume increased destruction of erythro- 
cytes and haemoglobin during the neonatal period. 
However, the majority seem to be agreed that such 
destruction really occurs. The difficulty of proving 
quantitatively a parallelism between the degree of 
hyperbilirubinaemia and the amount of haemoglobin 
destroyed is largely due, according to Weech, to the 
functional state of the liver. The degree and 
duration of the hyperbilirubinaemia depend on the 
maturity of the liver function at birth. Further, as 
Weech points out, individual factors also play a 
part. The supporters of the haemolysis theory 
appear to be unanimous that the transition from 
intrauterine hypoxaemia (Barcroft, 1946) to an 
optimal oxygen supply by the initiation of pulmonary 
respiration makes the high haemoglobin value per 
unit of blood functionally superfluous, and thus 
causes haemolysis. The explanation is teleological. 


It affords no answer to the question of the mechanism 
of the increased destruction of haemoglobin. 


Physiological Enlargement of the Spleen during the 
Neonatal Period 


It appeared to me that the investigations concern- 
ing physiological enlargement of the , spleen in the 
newborn which I published earlier (Akerrén, 1939, 
1942, 1947), might form a starting-point for a 
theoretical explanation of the assumed increased 
haemolysis. 

In one series daily examinations of the palpability 
of the spleen were carried out during the whole of 
the first week of life. In 111 infants (77%) the 
spleen was palpable at one examination at least. 
In a second series only one examination of the 
palpability of the spleen was carried out on each 
baby. In both series all the infants were clinically 
healthy, born at full-term, and their birth weights 
were not less than 2,900 g. 

The findings in the first series suggested that the 
spleen was most often palpable on the third day of 
life, and statistical examination showed that this was 
not due to chance. In addition the figures showed 
a trend, first rising to a maximum and then falling. 
In the second series also the same trend, with a 
maximum on the third day, was evident. 

After the neonatal period the spleen was palpable 
in 17-7+3-6% Of healthy infants less than 3 months 
old and in 14-9+4-4% of children between 3 and 
6 months old (Akerrén, 1947). There is a statistical 
difference between the average frequency with which 
the spleen is palpable in healthy newborn infants, 
on the one hand, and in infants at ages between the 
neonatal period and 6 months, on the other. 

The physiological enlargement of the spleen in 
the newborn is a dynamic, not a static, phenomenon. 
In the same child the spleen is often palpable one 
day and not on the following day. Furthermore 
one can convince oneself in another way that the 
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enlargement of the spleen is dynamic, for after an 
injection of adrenalin it is invariably found that a 
previously palpable spleen ‘ disappears ’. 


The Nature and Causes of the Physiological Enlarge- 
ment of the Spleen 


The changes in the palpability of the spleen which 
are met with in the newborn are manifestly due to 
changes in its volume. In view of their rapid 
appearance, it must be a mobile substance which 
causes the swelling of the spleen. Barcroft’s classic 
investigations (1926) have proved that the spleen is a 
bloodreservoir. The blood reservoir is emptied when 
increased calls are made on the transport of oxygen 
in the organism, e.g., in physical exertion or 
hypoxaemia. The reservoir function is reversible. 
The reservoir fills when functional calls are reduced. 
It empties under the influence of adrenalin. 

During the later part of foetal life there is a 
marked hypoxaemia (Barcroft, 1946). Probably the 
high haemoglobin values characteristic of the blood 
of the newborn are connected with this. With the 
onset of pulmonary respiration, the hypoxaemia 
rapidly disappears. It therefore appears extremely 
probable that blood accumulates in the spleen in 
the newborn, so that it often becomes palpable. 
The steady fall in the frequency with which it is 
palpable after the third day of life, and the lower 
frequency which characterizes healthy babies after 
the newborn period, shows that this transitory 
phenomenon is characteristic. 


The Connexion between the Reservoir and Haemolytic 
Functions of the Spleen 


It has long been thought that the spleen is an 
organ where erythrocytes are disintegrated and 
destroyed. In more recent times concrete ideas on 
the point have emerged from observations or 
experiments, especially by Fahraeus and his pupils. 
The point of departure was Fahraeus’ (1921) 
observation that blood with a high sedimentation 
rate becomes changed when stored at or near body 
temperature. The sedimentation rate decreases and 
rouleaux formation is reduced, while the erythro- 
cytes become more spherical. Bergenhem and 
Fahraeus (1936) showed that this stabilization 
process is caused by changes both in the plasma 
(or serum) and in the erythrocytes. The change in 
the plasma is due to the formation of lysolecithin, 
which is produced by the action of a lecithinase 
on the plasma or serum lecithin. The stabilization 
process is particularly evident when plasma or serum 
and erythrocytes are again mixed, after having been 
separated at body temperature. Owing to the 
change of shape in the direction of spherocytosis 


undergone by the erythrocytes and the formation 
of lysolecithin which take place simultaneously, the 
stabilization process can be regarded as a prelude 
to haemolysis. (Lysolecithin is the substance to 
which the strong haemolytic action of cobra venom 
is due.) 

Barcroft’s theory of the reservoir function of the 
spleen drew Fahraeus’ attention to the spleen as an 
organ where an analogous process might take place. 
He calls the accumulation of blood in the spleen 
reservoir the ‘endopaus’ of the blood. Fahraeus 
(1939) and Bergenhem (1939) pointed out that it 
was the reduction of the boundary surface between 
erythrocytes and plasma, appearing during the 
‘endopaus ’ which brought about the stabilization 
process and the accompanying haemolysis or 
prehaemolysis. 

Knisely’s investigations (1936 a and b) into the 
circulation of the blood in the living spleen suggested 
that when blood entered the sinuses of the spleen 
from the afferent capillaries, the erythrocytes were 
continuously stored in them for varying periods. 
At the. same time plasma filtered through the sinus 
walls into the pulp cords. According to Knisely, 
the walls of the sinuses acted as a filter, separating 
red corpuscles from plasma. The conditions for 
intravital blood separation (‘ deplasmatization ’ of 
the erythrocytes) thus seemed to be present in the 
spleen. 

That changes of a haemolytic or pre-haemolytic 
nature really occur in the spleen under physiological 
conditions have been shown in several ways. The 
venous blood of the spleen, compared with the 
arterial blood, exhibits both spherocytosis and 
reduced rouleaux formation (Bergenhem and 
Fahraeus, 1936; Méellgren, 1939). Mellgren was 
able to demonstrate haemoglobinaemia in venous 
blood from the spleen—secured during the empty- 
ing of reserve blood from the spleens of cats— 
which further increased if the blood was stored at 
body temperature. 

Although Fahraeus and his colleagues have given 
so much experimental support for the assumption 
that there is a close connexion between the reservoir 
function of the spleen and its haemolytic function, 
the theory presupposes that Knisely’s conception 
of the blood circulation in the spleen is correct. 
Later investigations by Knisely’s method have not 
been confirmed, but at Fahraeus’ institute Bjorkman 
(1947) has found morphological evidence of a 
sphincter between sinus and vein. This, Knisely 
pointed out, is a necessary mechanism for the 
storage of blood in the sinuses. Bjorkman has also 
carried out experiments which appear to prove that 
separation of erythrocytes and plasma really takes 
place in the spleen. 
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The sinus wall is a rectangular lattice network. 
In the foetal spleen and in the spleens of newborn 
infants the mesh is smaller and more circular 
compared with the rectangular mesh of the adult, 
a modification which must make the sinus filter 
finer. 

In summary Bjorkman states: 

‘The function which is thus maintained is the 
separation between red cells and plasma. The 
storing of erythrocytes occurring during this 
separation is evidently the same phenomenon as has 
been interpreted as the splenic reservoir function. 
The function, however, brings about qualitative 
changes in the red cells, which, to some extent, 
reduce their value as an emergency reserve. Because 
of this fact it seems probable that the reservoir 
function, as observed by Barcroft and Binet, is only 
the other side of the shield, and that the essential 
function is the deplasmatization of the red cells. 
Its physiological significance has been elucidated 
by the works of Bergenhem and Fahraeus. It leads 
to destruction of red corpuscles.” 


Discussion 

It would seem, therefore, that the reservoir and 
haemolytic functions of the spleen are identical. 
The dynamic enlargement of the spleen which makes 
its appearance during the newborn period is most 
simply interpreted as a sign of filling of the blood 
reservoirs. Fahraeus’ theory presupposes that there 
is at the same time increased ‘destruction of haemo- 
globin and red blood corpuscles respectively. The 
conception of an increased destruction of blood as 
one of the main causes of hyperbilirubinaemia in 
the newborn thus tallies with Fahraeus’ theory of 
physiological haemolysis in the spleen. 

According to Weech, destruction of haemoglobin 
is more rapid during the first two or three days of 
life than when the infant is older. It is during the 
same period that I have found the spleen to be 
palpable with increasing frequency, culminating at 
about the time when the destruction of haemoglobin 
is at its height. 


Summary 


Weech has compared the onset of pulmonary 
respiration with the igniting spark which initiates 
the explosion-like destruction of erythrocytes and 
haemoglobin in the newborn, which is one of the chief 
causes, the other being hepatic immaturity, of 
physiological hyperbilirubinaemia. If an attempt 
is made to say exactly how the ignition takes place, 
and where the destruction occurs, the answer 
appears to be as follows. The onset of pulmonary 
respiration abolishes intrauterine hypoxaemia. The 
calls on the means of oxygen transport—the 
erythrocytes and the haemoglobin—are fewer than 
before. An unusually large number of red blood 
corpuscles therefore accumulate in the blood 
reservoirs of the spleen. This reveals itself in the 
swelling of the spleen which is characteristic of the 
newborn period, culminating on about the third 
day of life. An increased destruction of erythrocytes. 
and haemoglobin begins, owing to the intimate 
connexion between the reservoir and the haemolytic 
functions of the spleen, and this in its turn leads to 
an increase in the bilirubin content of the blood. 
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TOXAEMIC MOTHERS 


BY 
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From the Obstetrical and Neonatal Departments, St. Mary’s Hospital, Manchester 


(RECEIVED FOR PUBLICATION APRIL 28, 1950) 


Much has been written in the past on the effects 
of the toxaemias of pregnancy on the maternal 
organism, but surprisingly little has been done to 
investigate the effects of these diseases on the foetus. 
The few reviews of the subject have been concerned 
chiefly with the general effects on the foetus and 
hardly any have considered in detail specific points 
of foetal and neonatal pathology. 

The present investigation of the kidney of the 
foetus and newborn infant has proceeded along 
three main lines: (1) anatomical considerations; 
(2) physiological considerations; (3) indirect 
observations of kidney function, especially the 
production of hypertension. 


Anatomical Considerations 


The gross anatomy of the kidney was studied in 
57 cases of foetal and neonatal death, of which 19 
were of infants delivered of mothers showing a 
clinically severe degree of pre-eclampsia at the time 
of delivery. No gross lesions were apparent and 
the degree of gross development appeared to be 
comparable in both classes of infants. To confirm 
this last point, the kidney weight was plotted against 
the body weight using a logarithmic scale (Fig. 1) 
as described by Huxley (1932). It will be seen that 
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Fic. 1.—-Gross development of the kidney. 


there is little difference between the two groups of 
infants, and statistical analysis confirms that the 
growth of the kidney proceeds at the same rate in 
both groups of infants. 

A study of the histology of the kidneys was made, 
special note being taken of the development of the 
glomeruli, this being a reliable guide to the maturity 
of the kidney (Potter and Thierstein, 1943). The 
development of the glomerulus has been described 
by Gruenwald and Popper (1940) who state that in 
the early stages of development both layers of 
Bowman’s capsule consist of cuboidal or high 
columnar epithelium. In the more mature glomerulus 
the parietal layer decreases in height except in the 
vicinity of the opening of the tubule. In the young 
glomerulus the entire glomerular tuft forms an 
undivided globule covered by a uniform layer of 
high columnar epithelium; the lumen of the 
glomerular loops is partially visible, the loops are 
in close contact with each other and no free spaces 
are visible between them. At birth the glomerular 
loops expand and contain more blood cells; between 
the individual loops, clefts are visible which proceed 
towards the vascular pole and separate the glome- 
rulus into three to eight lobules. The original 
continuous layer of high columnar cells is broken 
by the clefts and the loops are incompletely covered 
by epithelium. Further development leads to the 
stage at which most of the completely expanded 
loops show small islands only of epithelium on their 
surface and only on the peak is the continuous layer 
of high columnar epithelium visible. 

In the present investigation the development of 
the glomeruli was judged by the following criteria: 
(1) the character of the epithelium of the visceral 
layer of Bowman’s capsule; (2) the presence of 
‘tufting ’; (3) the presence of fibrous tissue laid 
down as a skeleton for ‘ tufting ’; (4) the degree of 
development of the blood vessels. This last 
characteristic was sometimes difficult to judge, as 
some of the kidneys were congested at death. In 
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intact and is composed of large 

The tufted arrangement is just becoming 
(Haematoxylin and eosin x 420). 


Fic. A.—Immature glomerulus. 
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most cases, however, it was possible to make an 
attempt at grading. 

Unselected sections were examined, having been 
stained with haemalum, azan, and van Géieson. 
Particular attention was paid to the glomeruli of the 
cortico-medullary junction as these were the most 
fully developed (Gruenwald and Popper, 1940; 
Kampmeier, 1926). Those in the subcapsular zone 
were, however, examined as these give an idea of 
the ‘functional age’ of the kidney (Potter and 
Thierstein, 1943). The material used was the same 
as that for the kidney weights and the results are 
recorded in Table 1. 

No lesions were seen in the kidneys comparable 
with those found in women dying of pre-eclampsia 
and eclampsia. This question has been considered 
by Raubitschek (1914) and by Tyson and Bowman 
(1931). Cases described by these writers appear to 
be cases of haemolytic disease of the newborn, a 
condition not recognized at the time of writing. 
The absence of typical lesions is further confirmation 
of the finding of Brash (1949). No difference is 
apparent between the two groups of infants, and 
the findings confirm most of the work of Gruenwald 
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and Popper but do not confirm that at birth there 
is a sudden rupture of the glomerular tufts: the 
process appears to be a continuous one and much 
more like that postulated by Smith (1945) on 
theoretical grounds. 


Physiological Considerations 

It has been stated many times that the infantile 
kidney is inefficient when compared with the adult 
kidney (McCance and Young, 1941; Young, 
Hallum, and McCance, 1941). This is perhaps not 
surprising as the neonatal kidney has to adjust its 
function while that of the adult has reached more 
or less of an equilibrium. Tests of kidney function 
are notoriously difficult to interpret as it is often 
uncertain what function of the kidney is being 
measured. As the urea clearance test is practicable 
and does not entail the administration of any test 
substance to the infant, that was adopted as the 
best test in the circumstances. 

Urine was collected in an apparatus modified from 
that described by Thomson (1944) and illustrated 
in Fig. 2. The rubber bulb has an opening cut in 
one side and this fits over the genitalia and is 
attached to the infant by two rubber straps. The 





Fic. B.—Mature glomerulus in which Bowman’s capsule 
has almost disappeared and only a few large cells are 


present on the surface. The tufted arrangement is now 
quite clear. (Haemotoxylin and eosin x 420). 
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TABLE 1 
HISTOLOGY OF THE GLOMERULUS 















































] No. of Cases 
No. of Cases | 
Poor Good}; P* 
Degree of Tufting Poor |Good| P* 
Babies under 2-5 kg. Breakage of Bowman’s Capsule 
Toxaemics Ne * 8 6 Under 2°5 kg. | 
Controls mn i 6 iz | 0-118 Toxaemics — rh me 74 
Normals ev “| 3 14 | 0-052 
Over 2:5 kg. | 
Toxaemics i sae! 3 2 Over 2:5 kg. 
Normals i mm 3 15 | 0-081 Toxaemics wa ss 3 2 | 
Normals esi - 4 16 | 0-101 
Fibrous Arrangement in Tufts 
Under 2-5 kg. Development of the Blood 
Toxaemics - ja 4 7 | Vessels 
Normals - s 1 13. | 0-087 Under 2-5 kg. 
Toxaemics _ ne 2 12 
Over 2-5 kg. Normals “a ee 2 15 | 0-392 
Toxaemics .. a 4 | | 
Normals he ae 1 15 | 0-389 Over 2:5 kg. 
Toxaemics “i AP er 3 | 
Normals - - 6 14 | 0-359 











* In no case is P less than 0-05 and therefore there is no statistical difference between the toxaemic and normal groups, although at 
first sight there would appear to be an appreciable difference. ‘P,’ the probability that the readings occurred by chance, has been 
calculated by Fisher’s ‘ exact ’ method. 
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Fic. 2.—Apparatus used to collect urine for urea clearance tests. 
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‘size of the opening is determined by experiment, 
it being important to secure a water-tight fit without 
causing too much pressure on the genitalia. The 
urine passes to the recording tube and lifts the cork 
to close the electrical contacts and ring the bell. 
The apparatus is connected to the infant and left 
until the child micturates; the time is noted and 
the specimen discarded; at the next micturition the 
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time is again noted and a specimen of blood taken 
for the estimation of the blood urea. Care is taken 
to ensure that the connecting tubing is emptied of 
urine each time a specimen is obtained. Although 
the apparatus is rather crude, it appears to be quite 
efficient and causes very little discomfort to babies 
of either sex. 

The blood urea and urine urea concentrations 








AGE 





IN DAYS 


Fic. 3.—Urea clearances. 
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were estimated by the colorimetric methods 
described by King (1946). No filtrations were 
carried out as described by King, specimens being 
centrifuged as filter-paper contains substances that 
give a reaction to Nessler’s reagent (Harrison, 1947). 
Eight normal babies and eight babies delivered of 
mothers with a severe clinical degree of pre- 
eclampsia were investigated. The toxaemic infants 
were almost consecutive cases and were all apparently 
2r 
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well; only those infants are considered on whom at 
least two determinations were made. 

The urea clearances are plotted in Fig. 3. It will 
be seen that, in general, the clearances are of the 
same order, and in most cases, their values rise as 
the infant grows older. The values are much the 


same as those obtained by other workers (McCance 
and Young, 1941; Young, et al., 1941; Thomson, 
1944 and 1949). 


Correction for surface area is 
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Fic. 4.—Corrected urea clearances. 
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TABLE 2 
UREA CLEARANCES IN NORMAL AND TOXAEMIC BABIES 
Normals 
Surface Urea (mg./100 ml.) Minute | 
Baby Weight Length Area Age | Volume | Urea 
(kg.) (cm.) (sq. m.) (days) Blood Urine (ml.) | Clearance 
1 4:27 53-0 0:24 4 21:9 111 0-012 | 0-061 
7 22:5 136 0-117 0-71 
2 3 36-0 445 0-034 0-42 
4 29-4 473 0-063 1-02 
6 91-6 349 0-186 0-71 
3 2°58 50:5 0-18 3 38-9 890 0-019 0-43 
9 35-9 275 0-212 1-65 
2°91 50:5 0-19 2 | 66°8 604 0-029 0:26 
5 37-2 642 0-007 0-12 
8 | 108-0 470 0-325 | 1-40 
5 3°46 50-5 0:20 2 53-8 544 | 0-012 0-12 
5 47-2 131 0-200 0-55 
8 23-0 209 | 0-206 1-87 
6 2 33-6 362 0-003 0-03 
8 36°7 470 | 0-270 3-46 
a 3-35 53-0 0:21 2 28-6 542 0-031 0-59 
8 33-8 282 | 0-136 1-16 
8 3:06 45°5 0-18 5 28-2 Li 0-013 0-54 
s 21-4 212 0-035 0-35 
Toxaemics 
9 3-09 53-0 0-20 5 61°8 439 0-032 0-23 
8 44-5 522 0-067 0-78 
10 2-33 48-0 0-17 5 62:5 412 | 0-021 0-14 
8 36-7 141 | 0-127 0-49 
11 3°21 53:0 0:21 | 1 63-0 479 0-005 0-04 
5 64-5 324 | 0-034 0-17 
| 8 77°3 461 | 0-300 1-80 
12 2:92 48-0 0:19 | 3 38-9 730 | 0-023 0-43 
| 7 103-0 600 | 0-018 0-10 
| 

13 4-08 53-0 0:23 4 119-5 1,845 | 0-019 0-29 
9 31-7 358 =| ~—s (0-051 0-57 
10 36°8 446 0-066 0-81 
14 2:27 45°5 0:16 6 80-0 1,340 0-057 0:95 
9 47-0 335 0-109 0:77 
2 62-0 606 0-031 0-30 
15 2-61 48-0 0-18 4 69-3 815 0-013 0-16 
Fi 59-7 468 0-027 0:21 
10 84-0 128 0-148 0-23 
16 3-94 53:0 0:22 2 69-3 144 0-164 0-34 
5 37-2 362 0-027 0-26 
8 25°8 109 0-273 1-15 
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shown in Fig. 4, and this, too, shows no difference 
between the two groups of infants. 

It will be noted from Table 2 that the blood urea 
concentration of the toxaemic infants is higher than 
that of the controls: these concentrations are 
plotted in Fig. 5 and the difference has been con- 
firmed by analysis of the means over the different 
days. The blood urea and urine urea concentrations 
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must be greatly influenced by the protein intake of 
the subject, and although it was impossible to 
test-feed each baby during this investigation, 
consideration of the diets and the general condition 
of the individual babies does not lead us to suppose 
that feeding is the explanation of this finding. A 
similar consideration of loss of body weight over 
this period does not point to any significant difference 
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Fig. 5.—Blood urea concentrations. 
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between the two groups of babies. It is also unlikely 
that this finding is related to the state of the mother 
at the delivery, for the blood urea is never raised in 
pure pre-eclamptic toxaemia. It has been*suggested 
(Young, et al., 1941) that the raised blood urea in 
premature infants may be due to the low minute 
volume. This is not the case here, as may be seen 
when the blood urea is plotted against the actual 
and the corrected minute volumes (Figs. 6 and 7); 
low volumes are present in both groups but the 
blood urea is persistently higher in the toxaemic 
group. 

The occurrence of albuminuria was investigated 
in both groups of infants, and the results in 67 babies 
are shown in Table 3. There is no significant 
difference between the two groups and although the 
occurrence is common, the findings of Ewald (1916) 
and Salmi (1936) are not confirmed, these authors 
reporting albuminuria in 75 to 80% of infants 
investigated. 
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Fic. 7.—Blood urea /corrected minute volume. 


TABLE 3 


INCIDENCE OF ALBUMINURIA 





Albumin 





Present | Absent | Total 
| 








Normals a « (2 30 52 
Toxaemics.. ae 12 5 | 17 
Total mS a 34 


3 | @ 





x2 (Yates’s correction)=3.05. P is between 0.1 and 0.05. 
is no significant difference between the two groups of infants. 


There 


Indirect Observations 


From time to time attempts have been made to 
study the neonatal blood pressure, but as the 
pulsations of the infantile arteries are feeble, 
palpatory and auscultatory methods are difficult and 
give no idea of the diastolic pressure (Browne and 
Dodds, 1936; Brash, 1949). The oscillometric 
method has therefore proved to be the most satis- 
factory (Rucker and Connell, 1924; Salmi, 1936; 
Woodbury, Robinow, and Hamilton, 1938). The 
size of the cuff influences the recorded blood 
pressure quite considerably (Woodbury, ef a/., 1938; 
Smith, 1945) and it has been found that when a cuff 
2:5 cm. wide is used, the blood pressure recorded 
by a cannula in the umbilical artery is the same as 
that recorded oscillometrically. The blood pressures 
in this study were therefore recorded with a Pachon 
oscillometer and a 2:5 cm. cuff. The criteria of 
systolic and diastolic pressure were those described 
by Norris, Bazett, and McMillan (1928). Readings 
were taken on the second, fourth, and seventh days 
of life with the babies supine and quiet although 
not asleep. 

Ten normal babies and 10 babies delivered of 
mothers with clinically severe pre-eclampsia at 
delivery were investigated. In no case was a baby 
investigated if the mother gave any history suggestive 
of renal disease before pregnancy. 

The results are given in Table 4, and it*will be seen 
that on the second day of life both the systolic and 
diastolic pressures of the toxaemic group are 
significantly higher than those of the controls. On 
the succeeding days there is no difference between 
the two groups. This finding is in accordance with 
that described by Rucker and Connell (1924), but 
not with other writers using similar methods or 
material (Haselhorst, 1929; Woodbury, et al., 1938; 
Dexter and Weiss, 1941; Brash, 1949). It would 
appear that some factor is acting at birth and that 
its effects wear off as the child gets older. 
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TABLE 4 
BLOOD PRESSURES IN NORMAL AND TOXAEMIC GROUPS 





Normals | 


























Toxaemics 
“Baby | Day 2 | Day 4 Day 7 | Baby Day2 | Day 4 Day 7 
a 60/35 | 85/65 85/70 11 85/55 | 110/75 | 100/70 
2 | 50/30 85/50 85/55 12 100/75 105/70 | 75/55 
3 70/55 100/60 90/60 | & 80/50 95/65 100/65 
4 60/40 75/50 85/50 14 85/50 95/60 115/90 
5 65/45 | 90/75 90/75 15 85/65 80/50 75/50 
6 65/45 | 70/50 © 75/55 16 90/70 105/85 100/80 
¥ 60/35 | 80/65 85/65 17 80/65 110/80 | 100/80 
8 70/40 90/50 90/60 18 75/50 80/60 80/60 
9 75/40 90/50 95/60 19 100/70 100/80 95/80 
10 | 90/60 | 90/65 | 95/65 20 95/50 80/60 | 85/60 
Mean Pressures 
Systolic Day 2 | Day 4 Day 7 
Normals 66-5+10-8 | 85-5 8-6 87-54 5-9 
Toxaemics 87-5+ 8-6 | 96:0+12-2 92-5+13-2 
Diastolic | 
Normals 41-5+10-0 | 56°5+11°6 61-5+ 7°4 
Toxaemics 60-0+ 10-0 | 68-5+10-7 71-0+13°1 
Discussion in different animals of the same species was very 


The main facts emerging from this investigation 
may now be considered. (1) The development of the 
kidney in both groups of infants is the same and, 
in particular, the glomeruli of the cortico-medullary 
junction are developed earliest. (2) The urea 
clearances of both groups are the same but the 
blood urea concentrations of the toxaemic group 
are higher than those of the normals. (3) The minute 
volumes produced in each group are comparable. 
(4) In the first two days of life the toxaemic babies 
are hypertensive compared with the normals. 

Any explanations of the differences between the 
two groups of infants must take into account each 
and all of these facts, and a possible explanation 
is given by consideration of the work of Trueta, 
Barclay, Daniel, Franklin, and Prichard (1947) on 
the renal circulation. The Oxford workers have 
shown that in certain circumstances a ‘ by-pass’ 
may come into action in the kidney so that the 
blood-flow is diverted from the renal cortex and 
passes into the renal vein through numerous ves“els 
in the cortico-medullary junction. If the cortex 
remains ischaemic for any length of time, changes 
occur which result in the development of hyper- 
tension. Further, the ‘ by-pass’ consists of the 
glomeruli and vasa recta of the cortico-medullary 
junction and these vessels may accommodate all the 
glomerular blood volume. The variation observed 


marked but changes in the cortical blood-flow were 
always reflected in the blood-flow in the medulla. 
It would appear possible that the ‘ by-pass ’ is open 
in the toxaemic infants and that this results in mild 
hypertension; as the glomeruli of the cortico- 
medullary junction are the most fully developed at 
this stage of life, shunting the blood-flow from 
the remaining glomeruli does not materially affect 
the urea clearance or the minute volume. The 
reduction in the total number of glomeruli in action 
may, however, cause the blood urea concentration 
to rise if there is no reserve in these glomeruli. 
The variation observed by Trueta in animals may 
well explain the variation seen in all the babies in 
this series. The ‘ shunt ’ theory may be the explana- 
tion of the present results, but the ultimate reason 
for the opening of the shunt remains obscure. 


Summary 

The renal function of infants delivered after 
maternal pre-eclampsia has been investigated and 
no change in the gross or microscopic anatomy of 
the kidney could be demonstrated. The urea 
clearances and the incidence of albuminuria are 
no different from those in normal babies but the blood 
urea concentration is higher than normal. On the 
second day of life the toxaemic babies are slightly 
hypertensive but this difference has disappeared by 
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the fourth day. An attempt is made to explain 
these findings by reference to Trueta’s ‘ shunt’ 
theory of the renal circulation. 


Our thanks are due to Professor W. F. Gaisford for 
much help and encouragement in the preparation of this 
paper; to Dr. F. A. Langley for the use of his post- 
mortem material and for the photographs, and to the 
= staff of the hospital for their help in collecting 

ata. 
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In a previous publication an account was given 
of the haemoglobin values found in school children 
of a Bantu tribe, the Lala, resident in the central 
province of Northern Rhodesia (Beet, 1949). This 
paper records the results of a more detailed health 
survey carried out on the same group of children, 
the previous investigation being part of the whole 
survey. The work took place in the field during 
the period November, 1947, to December, 1948. 

The Lala live in the Serenje district of Northern 
Rhodesia, probably having migrated there over 
100 years ago from the Belgian Congo. They area 
matrilineal, matrilocal tribe, the women of the 
villages playing a very important part in the daily 
lives of the people. As the railway is only 180 miles 
away from the Government station at Serenje, a 
large proportion of the men are away from home 
at any one time working in the copper mines and 
other industries. For this reason it was considered 
advisable to concentrate on the children, most of 
whom would be too young to have been away from 
their homeland. 

The object of this survey was to obtain a general 
clinical picture of a group of rural African children 
living at home in-the reserves under natural con- 
ditions. The results show how a group of children 
have reacted to their natural environment. Also it is 
hoped that this survey will be a basis for comparison 
with other workers’ results whose subjects have 
lived under different environmental conditions. 


The Lala Country 


The sketch map shows the distribution of the 
schools visited. The Lala country occupies the 
whole of the administrative district of Serenje and 
the eastern half of Mkushi; both of these districts 
are in the Central Province of Northern Rhodesia, 
the provincial centre of which is at Broken Hill on 
the railway. 

Two distinct types of country are found, the 
plateau and the valley areas. 

The Plateau Area. The majority of the Lala live 
in the highlands of the Serenje and Mkushi Districts 
ai an altitude ranging from 3,500 to 5,000 ft. The 


Government station at Serenje is 4,687 ft. and that 
at Mkushi 3,711 ft. above sea level. 

The Great North Road (Cape Town to Nairobi) 
runs through this area, and in Serenje follows the 
Zambesi-Congo watershed. To the north of the 
road. the drainage is through the Luapula and 
Congo River systems to the Atlantic Ocean and to 
the south through the Luangwa-Zambesi systems to 
the Indian Ocean. 

Brachystegia-Isoberlinia woodland covers the 
plateau area, being interspersed with treeless plains 
(known as dambos) which follow the course of some 
of the streams. Surface water is usually plentiful 
and the majority of the larger streams flow through- 
out the year. The country is undulating in the 
vicinity of the watershed but to the south becomes 
hilly and near the escarpment is mountainous. 

The Valley Area. To the east of the plateau the 
country is quite different. Here the altitude is only 
1,500-2,500 ft. above sea level. Through this low- 
lying area run the Lukusashi, Luangwa, and 
Lunsemfwa rivers which receive the streams and 
rivers arising on the Zambesi side of the Zambesi- 
Congo watershed. The Lukusashi itself rises in 
the highlands of Serenje. Mupane woodland is 
predominant in the valley area. The big rivers such 
as the Luangwa, Lukusashi, Kaombe, and 
Lunsemfwa flow all the year round, but the small 
streams which originate in the valley and escarpment 
zones are dry in the dry season, thus accounting 
for the concentration of the population along the 
banks of the major rivers. The valley is infested 
with tsetse fly but no cases of human trypano- 
somiasis have been reported. 

The valley is separated from the plateau by a 
well-defined escarpment, the plateau side of the 
escarpment being very hilly and for the most part 
uninhabited. 

The Climate 


On the plateau the climate is very pleasant all the 
year round; in the cold dry season frosts are not 
uncommon. Table 1 shows the monthly rainfall 
and temperature figures for the Government station 
at Serenje for 1948. 
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TABLE 1 
RAINFALL AND TEMPERATURE AT SERENJE, 1948 











Temperature (°F.) 
Month Rainfall Mean Mean 
(in.) Maximum Minimum 

January 12-10 75 59 
February 9-32 76 61 
March 9-89 76 63 
April 1-41 75 66 
May 0-01 74 59 
June 0-05 70 49 
July 0-01 70 49 
August ba — 72 32 
September .. — 79 54 
October... 0-44 84 61 
November .. 3-98 81 62 
December .. 7-00 79 61 
Total 44-21 





There is a well-defined rainy season when all 
crops have to be planted. The rains were good 
during 1948, and the figures recorded are probably 
over the average. 

Temperatures are much higher in the valley, and 
during the hot months of October and November 
the weather is very unpleasant day and night. 
There are no figures available for comparison with 
the plateau, but that there is a marked difference is 
shown by the valley people’s disinclination to move 
on to the plateau to settle there owing to the cold: 
however, the plateau Lala are not infrequently 
found in the valley as they can adapt themselves 
to the warmer climate. 
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Agriculture and Staple Crops 
A detailed account of the agricultural practices 


. of the Lala are given by Trapnell (1943) in his 


ecological survey of north-eastern Rhodesia. Until 
recently the staple crop of all the plateau Lala was 
finger millet which is grown by the southern 
chitemene system. In this method clearings of 
woodland, of anything from 16 to 27 acres each 
year, are cut by a single man, and the cut trees 
stacked in small heaps which are subsequently 
burnt about September, well before the onset of the 
first rain. The millet seed is sown in the burnt 
patches without preliminary hoeing, the cleared area 
usually being 15 to 25 times the area actually burnt 
and planted. As the cleared forest is only used 
once for the main crop, although it may be used in 
the following season for catch crops such as beans 
and ground-nuts, this is a most wasteful method of 
cultivation and results in the wholesale destruction 
of trees throughout the Lala country. 

The plateau Lala in the Serenje district practise 
the system just described and their land is suffering 
accordingly. In the Mkushi District, however, the 
plateau Lala have been prohibited from growing 
finger millet as a staple crop and limits are laid down 
of what a single man may cultivate. As a result 
the staple in Mkushi is now kaffir corn which is 
cultivated on a simple hoe system; millet is still 
consumed to a small extent but it is probable that 
most of it is used to make beer, millet beer being 
considered the best. The valley Lala grow kaffir 
corn as a staple, on a similar system to that used by 
the Mkushi plateau Lala, as Mupane woodland is 
unsuitable for the cultivation of finger millet. 


TABLE 2 


AVERAGE INTAKE AND ESTIMATED REQUIREMENT OF NUTRIMENT PER HEAD PER DAY FOR SERENJE PLATEAU LALA 
AuGusT, 1947 To JuLy, 1948 (THOMSON, 1949) 
































: Vitamin Nico- | Ascor- 
oo Total Animal Carbon- Aas | Vitamin | Ribo- | tinic | bic 
= Calories| Protein Protein| Fat hydrates Calcium Iron | Carotene A Aneurin; flavin Acid | Acid 
> (g.) (g.) (g.) (g.) (mg.) (mg.)| (I.U.) (1.U.) | (mg.) (mg.) (mg.) | (mg.) 
| Intake 1,392 42-1 9-3 9-9 284 1,202 | 22-7 2,337 22 1-12 0-48 7:8 15-5 
Estimated 
requirement 2,298 63-0 984 11-4 3,210 1-29 1-61 10-8 41-8 
| Intake 1,650 46-5 9-2 | 13-1 334 1,582 | 29-2 4,320 0-6) 1°49 0-51 9-1 | 14-5 
B | Estimated 
requirement | 2,212 60-3 936 11-0 3,062 | 1-19 | 1-54 10-3 | 39-5 
Intake 1,269 41-2 4-65 | 10-4 255 931 22-4 3,094 21 1-30 | 0-59 | 8-9 | 18 
C | Estimated | 
requirement 2,268 | 60-7 | 916 = 11-1 


3,132 1-17 | 1-54 10-4 40 





Men, women and children have been grouped together. 


The average intake has been calculated from total figures and the estimated 


requirements from allowances recommended by the S.A. National Nutrition Council, or by the U.S.A. Committee on Foods and Nutrition, 
using the same age groups as were found when compiling the intake figures. 
* Probably underestimated owing to the lack of knowledge of vitamin contents of African foodstuffs and of the actual quantities of wild 


fruits and beer which were consumed. 
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The Diet 


While the health survey was in progress a detailed 
dietary survey of the Serenje plateau was being 
carried out by Mrs. Thomson, Nutrition Officer to 
the Northern Rhodesia Government (Thomson, 
1949). Three villages were systematically investi- 
gated for one year, one week in every four being 
spent at each village. Table 2 is an extract from 
Mrs. Thomson’s final report and gives an indication 
of the average intake of nutriment per head per day 
for each village for the period under survey. 

No figures are available for the Mkushi plateau 
Lala or the valley Lala. The Mkushi plateau Lala 
have a different staple cereal, kaffir corn instead of 
finger millet, and also possess cattle, which the 
Serenje plateau Lala only do occasionally, resulting 
in a greater consumption of animal food products. 
Apart from these differences the diets of the two 
sub-divisions of the plateau are very similar. In 
addition to the staples, kaffir corn and finger millet, 
maize and cassava are eaten, and beans, peas, 
ground-nuts, and pumpkins are grown; wild plants 
and fruits are also collected. Game is scanty 
throughout the plateau; chickens are to be found 
in all villages, but eggs are not as a rule eaten. 

The valley people rely on kaffir corn as a staple 
and do not grow millet, a varying amount of maize 
being grown according to the kaffir corn crop. As 
maize grows well on the alluvial banks of the main 
rivers when the floods go down, it can be planted 
throughout the dry season after the kaffir corn crop 
has been garnered. Rice is also grown in favourable 
years and meat is available to a greater extent than 
on the plateau owing to the presence of game; 
cattle cannot be kept because of tsetse fly. Bananas 
grow well but are in many cases destroyed by 
elephant. The same types of vegetables are eaten 
as on the plateau, the banks of the rivers being ideal 
sites for vegetable gardens. If they wished the 
valley Lala could live comfortably from the dietary 
point of view, but owing to the prevailing lethargy, 
food is often very short; in addition they have to 
face the hazards resulting from the not infrequent 
destruction of their crops by hippopotamus, 
elephant, bush pig, and monkey, various insects, 
and high floods. 


The Present Survey 


Seventeen schools were visited and 660 children 
examined. Table 3 shows the distribution of the 
schools and the number of children for each of the 
three areas. 

The plateau schools were all accessible by road or 
a combination of road and cycle, but the valley 
schools were all in remote areas and had to be 
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TABLE 3 
DISTRIBUTION OF SCHOOLS AND CHILDREN 














Area No. of Schools No. of Children 
Visited Examined 
Boys Girls 
Serenje plateau .. 8 219 116 
Mkushi plateau . . 3 80 50 
Valley 6 100 95 
Total sf ‘7 399 261 





visited on foot with native carriers. The selection 
of children for examination was haphazard, apart 
from choosing the younger children from each 
school. 

Examination included (1) height and weight 
record (on the same machine throughout) ; 
(2) clinical examination; 
mination with Sahli haemoglobinometer; (4) exami- 


nation of a blood smear stained by Field’s stain for 


malaria and of a sealed wet preparation for the 
sickle cell trait; (5) examination of the centrifuged 
deposit of urine for schistosome ova; (6) examina- 
tion of faeces suspended in a saturated solution of 
magnesium sulphate for hookworm ova. 

In addition 77 samples of sera were examined by 
the copper sulphate method for plasma proteins 
(Phillips, 1943), but this investigation was abandoned 
because the children objected to the discomfort of 
an intravenous withdrawal of blood and we had 
to remain as popular as possible to get their full 
cooperation. 

Findings of the Survey 

Plasma Proteins. Table 4 gives the findings for 
the 77 total plasma protein estimations performed 
by the copper sulphate specific gravity method. 
Serum was used in each case. 


TABLE 4 
RESULTS OF 77 TOTAL PLASMA PROTEIN ESTIMATIONS 





Mean ses .. 6-91 g. per 100 ml. 

Standard deviation 0-58. 

Mode 6-925 per 100 ml. (using groups of 
0-15 g. per 100 ml.) 

Range 5-6-8-2 g. per 100 ml. 





Stephen (1948) in the Gold Coast recorded a mean 
of 7-1 g. per 100 ml. for 50 children; Barakat and 
Dean Smith (1949) review the literature on the 
subject, as far as it concerns Africa, and give a mean 
of 7-66 g. per 100 ml. for a group of adult Gambian 
natives. 
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TABLE 5 


MEAN WEIGHTS OF 629 LALA SCHOOL CHILDREN 















































Approximate Mean Weight Range (lb.) 
Age Height Sex Numbers Weight Weight/ Height 

(years) (in.) (Ib.) | Min. Max. Ratio 
45-5 Boys 15 47-3 43-5 61-5 | 1-02 

8 ~ 48 
Girls 14 46-5 43-5 52-5 | 1-00 
Boys 43 53-8 46°5 64:5 | 1-09 

94 ~ 51 ; 

Girls 28 54-3 46-5 64:5 | 1-10 
Boys 94 61-3 52:5 BS | 1-17 

11 ~ 54 
Girls 53 59-7 49-5 70-5 | 1-14 
Boys 110 71-2 55-5 91-5 | 1-29 

~ 124 ~ 57 
Girls 2 72-6 55-5 133-5 | 1-31 
_ Boys 17 81-3 67-5 100-5 | 1-39 

- 14 ~ 60 
Girls 63 82-8 58-5 100-5 | 1-42 
Boys 33 95-5 16°5 121-5 | 1-55 

Over 14 — 63 -- 

Girls 27 93-2 64-5 124-5 | 1-52 





Heights and Weights. As it was impossible to 
gauge with any degree of accuracy the ages of the 
children they have been classified into 3 in. height 
groups. The mean weight and other details of each 
height group are shown in Table 5. For the sake of 
simplicity children over 63 in. in height have been 
excluded owing to the small number and degree of 
scatter. Table 5 is based on 629 observations. In 
the field heights were recorded to the nearest } in. 
and weights to the nearest } lb.; when compiling 
the table, weights were classified in 3 lb. groups, 
means being calculated from the mid-points of the 
relevant groups. 

The approximate ages have been estimated from 
English standards using height tables by Menzies 
quoted by Platt (1946). 

It is interesting to compare the weights for the 
different height groups with similar figures for other 
nationalities. In Table 6 comparison can be made 
between the Lala figures and those for Northern 
Rhodesia European children, West Indian children, 
and London elementary school children. I examined 
the 72 Northern Rhodesia European children at 
Broken Hill, Northern Rhodesia; the figures for 
the West Indian children and the London children 
were extracted from a table given by Platt (1946). 
The figures for the sexes have been combined in 
Table 6. 


Both European Rhodesian and Lala children 
compare very unfavourably with English children. 
It is interesting to see how close are the mean 
weights of the European Rhodesian and the Lala 
groups, the European child in Northern Rhodesia 
seeming at a considerable disadvantage when 


TABLE 6 


COMPARISON OF WEIGHTS AT DIFFERENT HEIGHTS FOR 
AFRICAN, EUROPEAN RHODESIAN, WEST INDIAN, AND 
ENGLISH CHILDREN (SEXES COMBINED) 





Mean Weight (Ib.) 





























North North 
Rhodesia Rhodesia West 
Height Lala European English Indies 
(in.) (1948) (1948) (1938) (1944) 
45-5 47-0 47-7 50 47-5 
—48 
49-51 54:0 | 52:2 64 58 
52-54 60-6 61-7 70 60 
55-57 71-7 87 75 
58-60 82-0 a 





61-63 94-5 
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compared with his English counterpart. The figures 
for the African and West Indian children are 
equivocal, with the balance in favour of the West 
Indies. 

Until more is known about birth weights for 
African communities comparison between weights 
at different ages for different peoples is not justified, 
as it has been demonstrated that the weight at any 
age is dependent on the weight at birth (Illingworth, 
Harvey, and Shan-Yah Gin, 1949). The low relative 
figures for the Lala may be due to low birth weights, 
but this would not account for the discrepancy 
between the figures for the European children from 
Rhodesia and from England. 

Signs of Malnutrition. Appendix A records the 
overall results of the survey. For convenience in 
presentation the children have been divided into 
6 in. height groups. Also an attempt has been 
made to divide the children into three different 
geographical groups, indicated as N.E., S.W., and V, 
so that some comparison is possible between 
different localities. 

Locality N.E. is the north-east plateau area, and 
comprises all the schools on the Serenje plateau 
except one. The schistosomiasis rate is very low 
(5%). The staple here is finger millet. 

Locality S.W. is the south-west plateau area and 
includes all the schools on the Mkushi plateau 
together with the Serenje school excluded from 
locality N.E. The schistosomiasis rate here is high 
(49%), and the staple is kaffir corn. Although this 
area includes a Serenje school the people living near 
the school eat as much kaffir corn as millet, owing 
to the poor woodland, and so can justifiably be 
included in the kaffir corn group; the determining 
factor, however, in including this school in locality 
S.W. was the high incidence of schistosomiasis. 
The school is indicated on the sketch map by its 
name, Chipata. 

Locality V is the valley area. This includes the 
schools which lie in the Luangwa, Lukusashi, and 
Lunsemfwa valleys. This locality differs from the 
previous two by climate, altitude, and terrain. The 
schistosomiasis rate is high (41%), and the staple 
is kaffir corn. 

Before proceeding further it must be stressed that 
the facts in Appendix A refer to an unselected group 
of children living a normal life in the reserves, the 
group surveyed being probably a fair representative 
sample of the Lala school child. The majority of 
the children were weekly boarders or day scholars. 
The weekly boarders arrived at school on Sundays 
with a five-day supply of food which they cooked 
themselves. At mid-day on Friday they went home 
to collect a further supply, in many cases the return 
journey involving a walk of 30 to 40 miles. The 
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weekly boarders and day children therefore ate the 
same diet as other children of the area, no food 
being supplied by the school except for a few 
vegetables from the school garden in some instances. 
A small group of 85 boarders (60 N.E. and 25 S.W.) 
were resident during term at two missions, food 
being supplied by the missions but purchased 
locally. 

Unfortunately owing to the lack of similar studies 
of children in East and Central Africa it is not 
possible to compare the figures from this survey 
with any others. Trowell (1948) and Kekwick and 
his colleagues (1945) in East Africa, and Platt (1947) 
in Nyasaland, have carried out nutrition surveys, 
but these have involved selected groups of males 
in the case of the first two authors and a mixed 
group of males, females, and children in the case 
of Platt. 

It is not proposed to follow the customary 
procedure of listing the signs of malnutrition under 
the various vitamin deficiency states which are 
supposed to cause them. No frank case of a vitamin 
deficiency disease was seen, nor was one expected. 
What I hope to do is to give a picture of what these 
children looked like to an observer making a clinical 
study of the Bantu school child in his natural 
surroundings. 

Hair. In the great majority of cases the hair 
was normal. Occasionally it was slightly soft, but 
hypochromotrichia and straight hair were not seen. 

CHEILOSIS. Some degree of cheilosis was very 
common and was present in 70% of all the children. 
The milder cases were confined to the lower lip 
but involvement of both lips was seen not infre- 
quently (27% of all cases with cheilosis). 

ANGULAR STOMATITIS. This was much less 
common than cheilosis, being recorded in only 3% 
of the children. With one exception all cases seen 
were in locality N.E. 

DyssEBACIA. Dyssebacia was only seen in N.E. 
children and was confined to the older age groups. 

NASO-LABIAL SEBORRHOEA. This was very 
uncommon, and only seen in older children (not 
recorded in Appendix A). 

ENLARGED Parotips. An enlarged parotid gland 
is now considered to be a possible sign of malnutri- 
tion and one of the stigmata of malignant 
malnutrition in the adolescent and adult (Trowell, 
1948). A palpable enlargement of the parotid was 
found in 13% of all children, usually bilateral but 
not necessarily so, the gland on one side often being 
larger than its fellow. 

Eye SicNs. The general impression was that the 
eye signs of malnutrition were uncommon; some 
degree of xerosis conjunctivae, and redundant tissue 
in the vicinity of the canthi were not uncommon, 
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but to what extent these changes were due to 
irritation by smoke in an unventilated hut rather 
than to malnutrition, is debatable. Owing to the 
vagueness of any eye signs that might have been 
present no records are included in Appendix A. 
Xerophthalmia and Bitot’s spots were not seen. 

TONGUE SiGNs. Enlarged papillae were seen in 
only 1% of the children, some degree of atrophy of 
the tip and sides of the tongue in 17%, and a 
fissured tongue in 2%. Impressions made by the 
teeth on the edge and tip of the tongue were seen 
frequently but in the majority of cases these 
impressions were smoothed out when the organ was 
protruded to its full extent. Dental impressions 
were only recorded when they persisted in the fully 
protruded tongue, and these were found in 14% of 
children. 

Pigmentation of the fungiform papillae of the 
tongue has been dealt with elsewhere (Beet, 1948); 
it was then concluded that pigmentation of the 
tongue was not of any apparent value as a clinical 
sign of malnutrition. Further study has confirmed 
this opinion. It is possible that a pigmented tongue, 
far from being a sign of ill health, may be one of 
relative good health as there is no doubt that, apart 
from hereditary factors, the blackness of an African’s 
skin depends upon his state of health, hypopigmenta- 
tion being one of the signs of chronic ill health; 
this may also apply to the amount of melanin 
deposited in his tongue. Raper (1948) gives an 
account of the pathology of tongue pigmentation. 
The term ‘ bruised tongue’ used in Appendix A 
refers to the condition in which there is a diffuse 
bluish patch on the tongue, generally associated with 
the more superficial pigmentation just considered. 
Tongue pigment was found in 25% of all children, 
less frequently in the valley than on the plateau. 

ABNORMAL Gums. The state of the gums was on 
the whole very bad; loss of the interdental papillae, 
oedema, and frank gingivitis were common; 38 % of 
the children were considered to have unhealthy gums, 
the girls being less frequently affected than the boys. 

DENTAL Carigs. Dental caries was recorded in 
12% of subjects; no probe was used and so only 
the more severe cases were detected. 

XEROSIS OF THE SKIN. Some degree of dryness 
of the skin of the limbs was very common indeed, 
most marked in the feet, less so in the legs, and 
least of all in arms and hands; occasionally the skin 
of the whole body was involved. 

Xerosis of the arms and hands was recorded in 
92% of children, the incidence decreasing in the 
older groups; 99% had xerosis of the legs and feet. 
Generalized xerosis was only seen in 2% and was 
more frequent in the smaller children, this last 
condition being confined to boys. 


FOLLICULAR KERATOSIS. This was seen in 23% 
of the children. As this condition was most 
frequently observed on the extensor surface of the 
forearms and the back of the elbows, these parts 
were examined as a routine in every child; not 
infrequently the folliculosis was more apparent to 
the touch than to the sight. It was most frequently 
found in locality N.E. and was commoner in the 
bigger children. In several cases the legs were 
involved and in occasional cases the trunk; most 
cases were, however, mild and confined to the elbow 
region. 

HyYPERKERATOSIS OF ELBows. An_ excessive 
thickening of the skin over the olecranon process of 
the ulna was seen in 20% of children, and was much 
more commonly found in boys than girls (Appendix 
B); the reason for this was not apparent. Hyper- 
keratosis did not appear to be associated with 
follicular keratosis. 

HyYPERKERATOSIS OF KNEES. This was as common 
as xerosis of the skin, and not infrequently the 
thickening of the skin over the patella was very 
marked. 

ATROPHY OF THE SKIN. It was only appreciated 
that atrophy of the skin of the leg below the knee 
was not uncommon after the survey was well under 
way, and for this reason it has not been recorded 
in Appendix A; it probably occurred in about 5% of 
children, being characterized by smooth, shiny skin 
on the anterolateral aspect of the leg (Platt, 1945). 

CRACKLED SKIN. As defined by Platt (1945), and 
later by Trowell (1948), crackled skin was also not 
infrequently encountered, but for reasons similar to 
those for atrophy of the skin, it has not been 
included in Appendix A. Moreover it was found 
most difficult to decide which children should be 
considered as having a normal reticulation of the 
skin of the lower leg and which were definite enough 
to be classified as crackled skin. 

Lec Utcers. No cases of tropical ulcer were 
seen: 12% of the children had large scars on the 
legs, most frequent in the older age groups of 
locality N.E. 

TENDER CALVES. Every child was examined for 
tender calves but no cases were found. 

In conclusion it can be stated that these children 
showed signs of the following deficiencies in their 
diet. (1) Calories and protein, shown by low 
weights when related to heights (Tables 5 and 6); 
(2) vitamin A, shown by abnormalities of the skin 
such as xerosis, follicular keratosis, hyperkeratosis 
of elbows and knees, atrophy of the skin, and 
crackled skin; (3) vitamin C, possibly indicated by 
follicular keratosis and abnormal gums; (4) vitamin 
B complex, shown by cheilosis and dental indenta- 
tions of the tongue; (5) iodine, shown by the 
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incidence of enlarged thyroid. These conclusions 
agree with the findings of the dietary survey carried 
out on the Serenje plateau. 


Other Clinical Signs. We found a number of 
other clinical signs and these are indicated. 


ENLARGED THYROID. Serenie and Mkushi are 
endemic goitre areas, 38% of children showing 
enlargement of the thyroid. As is to be expected 
the incidence was higher in girls (Appendix B), but 
this difference is not marked, apart from locality V, 
because the puberty age group is not well repre- 
sented. 


THE HEART. Apical and basal systolic murmurs 
were heard in 14% of the children. Only one of 
these cases was considered to have congenital heart 
disease; the murmurs in the remainder were 
presumably of functional origin, but under the 
conditions in which clinical examinations were 
conducted it was difficult to be sure that early 
rheumatic heart disease was not being missed. Of 
great interest was the location of the apex beat; 
in several subjects the apex beat was well outside 
the mid-clavicular line in the fifth intercostal space. 
Of 205 children in whom the apex beat was accurately 
located by palpation 29, or 14%, had apparently 
enlarged hearts, although not associated with a 
systolic murmur to a greater degree than would be 
expected by mere chance. It is considered that these 
children had not in fact enlarged hearts but that the 
heart was displaced to the left for some reason, 
possibly owing to a narrowing of the space between 
the sternum and vertebral column. 


UMBILICAL HERNIA. This was recorded in 3% of 
children. This low figure, in spite of the prevalence 
of umbilical hernia in Bantu babies, confirms 
Mack’s (1945) finding that 90° of umbilical herniae 
heal spontaneously. It is probable that this healing 
takes place between the ages of 2 and 7 years in 
most cases. 


ENLARGED Liver. An enlarged liver was present 
in 5% of children. It was found most frequently 
in localities V. and S.W. where it may have been 
due to schistosomiasis. 

PARASITES AND SICKLAEMIA. Appendix A shows 
the incidences for malaria, hookworm infestation, 
schistosomiasis, and sicklaemia. Any relationship 
between these conditions and the prevalent anaemia 
of this group of children has already been con- 
sidered in detail (Beet, 1949). 


Comparison of the Three Localities 
Appendix B shows in greater detail the figures for 
the two middle groups of Appendix A to demon- 
strate how the children of the three localities 


compared. Owing to the uneven distribution of 
the children in the youngest and eldest groups they 
have been excluded. The manner in which the 
localities differed from each other is shown at the 
head of the table, the three main variables being 
altitude, and therefore climate, staple diet, and 
schistosomiasis incidence. Of most interest, from 
the nutritional aspect, is a comparison of the 
plateau children from localities N.E. and S.W. 
One would expect that the children of locality S.W. 
would have been at a disadvantage owing to the 
prevalence of schistosomiasis and the higher 
incidence of hookworm infection. However, it is 
clear that, apart from a lower height /weight ratio 
for the boys and a lower haemoglobin mean, the 
children from this locality were healthier than those 
from locality N.E., as the incidences in both sexes 
were higher in the latter group for cheilosis, angular 
stomatitis, dyssebacia, atrophy of tip and sides of 
the tongue, follicular keratosis, and leg scars. It 
is thus apparent that the nutritional state of the 
N.E. children was worse than that of the S.W. 
group; this may be in part accounted for by the 
children in the former area having been examined 
during the period February-June when the season’s 
crop was still in the garden, a time when any food 
shortage was most liable to occur, and in addition 
this is the time of the year when seasonal malaria 
is at its worst. However, these disadvantages should 
not have offset the disadvantages the S.W. children 
had to contend with, due to their degree of 
helminthic infestation, which is reflected in their 
low haemoglobin values. Moreover, it has been 
observed in this survey that there is very little 
seasonal variation in the clinical signs due to 
malnutrition, although there is probably a marked 
difference in the amount of weight gained during 
each of the four quarters of the year. 

It would be most rash to draw any final con- 
clusions from this apparent superiority of the S.W. 
children. It should be noted that the staple of this 
area is kaffir corn as a result of a compulsory change 
from finger millet made five to ten years ago. This 
change of staple was made necessary owing to the 
devastation of the couritryside of the Mkushi 
district, caused by woodland clearing for millet 
gardens, and an increasing population. The decision 
to change the staple would appear to have been a 
sound one from the nutritional point of view, and 
there is ground for believing that the inhabitants 
of the Serenje district would certainly be no worse off 
if they also were made to change their agricultural 
habits and grow kaffir corn as a staple instead of 
finger millet in an effort to preserve the rapidly 
decreasing forest areas of Serenje. I consider that 
this step should be taken as an urgent measure. 
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With regard to the valley children, they appeared 
to be very similar to the S.W. children, and it is to 
be noted that their staple was also kaffir corn and 
that their schistosomiasis rate was also very high; 
the environmental differences between these two 
groups are due to climatic and geographical features 
which have been considered already. 

Pigmentation of the tongue was of lower incidence 
and haemoglobin values were less than for the 
S.W. group, but there was a greater prevalence of 
dental caries, enlarged thyroid amongst the older 
girls, enlarged spleen and liver, than found on the 
plateau as a whole. The general impression gained 
was that children of the lower age groups were in a 
poorer state of health in the valley than on the 
plateau although the older groups were similar. 
This may account for the lower incidence of 
pigmentation of the tongue observed in the valley 
children. 


Correlation of Physical Signs and Age 

In Table 7 are recorded the conditions which were 
found to differ significantly in the different height 
groups. These figures are taken from the N.E. 
group of children only, as this contained an adequate 
number of all groups above 48 in. in height, 
including 61 in. and over. 

From Table 7 it can be seen that the incidence 
of cheilosis, xerosis of the arms, generalized xerosis, 
hyperkeratosis of the knees, enlarged spleen, and 
the malaria parasite rate decreased with age. 
However, dyssebacia, dental impressions of the 






































TABLE 7 
CLINICAL SIGNS AT DIPFERENT AGES* 

Height group (in.) _ 48 -5-54 —60 | Over 60 
Total no. in group... 73 | 152 | 68 

Cheilosis is .-| 83% 76% 62% 
" Dyssebacia - «| © 3% 9% 
Dental impressions my 

tongue we =: 8% 13% 22% 

/ Xerosis of arms -»| 97% 89% 69% 
, ‘Generalized xerosiS .. 7% 2% 0 
‘ Follicular keratosis .., 25% 30% 37% 
/ Hyperkeratosis knees ... 99% 93% 66% 
~ Enlarged spleen -., 40% | 22% | 15% 
~ Malaria parasites ..| 66% 47% 28% 
“Sicklamia.. —..,-:18% | 11% | 15% 








*N.E. group of children only—both sexes. 


tongue, and follicular keratosis were found more 
frequently in the older children. 

It is interesting to note that enlargement of the 
parotid was found at about the same incidence in 
all the groups with a tendency to increase as age 
advances; parotid enlargement is included in 
Table 7 as very little is known about the significance 
of this condition. The sickle cell trait is also 
included in the table as a point of general interest. 


Summary and Conclusions 

An account is given of the findings of a health 
survey carried out among the Lala tribe of Northern 
Rhodesia, preceded by a short description of the 
country they live in, and the diet on which they 
subsist. 

The results of the survey are recorded in tables, 
and a brief description is given of the clinical signs 
found, particularly those connected with malnu- 
trition. 

It is concluded that Lala children show clinical 
evidence of a diet deficient in calories, protein, 
vitamins A, B complex and C, and iodine. 

It is considered that kaffir corn is at least as good 
a staple as finger millet, and that a change from 
finger millet to kaffir corn is justified in an effort 
to preserve the forest areas which are doomed to 
destruction if the cultivation of finger millet on the 
present system is allowed to continue. 


I am indebted to the Director of Medical Services, 
Northern Rhodesia, for permission to publish this paper. 
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APPEN 
OVERALL RESULTS OF ethan 
Approximate age in years .. Bi a - 8 =f] 
Height in inches 1 6 “ a 48 and below — 54 
Locality va a ie _ _ N.E. S.W. V. N.E. S.W. V. 
Total number of children examined Pr 12 9 8 73 56 89 
Height (mean in in. = os a 46 46:1 46-5 51-8 51-6 51-3 
Weight j= in lb. ae i ..| 45°4 47-7 47-2 58-4 56:6 58-9 
Weight = in lb. |Min. = oe 43-5 43-5 43-5 49-5 46-5 46-5 
Max. 5 ty - 46°5 61-5 ee 1"2 67-5 ta" 

Face: 

Cheilosis lips 8 9 8 61 34 63 

Angular stomatitis 0 0 1 5 0 0 

Dyssebacia 0 0 0 0 0 0 

Enlarged parotids 2 0 2 9 4 10 
Eyes: 

Conjunctivitis 0 0 5 4 4 

Trachoma - - ‘ie 54 0 0 a 0 2 1 2 

Corneal scar 0 0 0 2 0 6 
Tongue: 

Papillae enlarged 0 0 0 1 0 0 

Atrophy tip and sides .. 6 I 1 16 9 10 

Fissures 0 0 l I 0 1 

Dental impressions 0 0 0 6 7 15 

Pigmentation Zz 0 2 22 9 18 

Bruising 0 0 l 0 2 3 
Mouth: 

Abnormal gums 0 ] 1 25 26 39 

Dental caries ” + * ka 3 2 4 10 7 20 
Thyroid: 

Enlargement a ~~ - si 4 0 3 28 11 38 
Skin: 

Xerosis arms and hands ea ” 10 8 8 71 56 89 

Xerosis legs and feet .. at nat 12 9 8 73 56 89 

Xerosis generalized oO a - 0 0 2 5 | 1 

Follicular keratosis ar vf - 1 0 1 18 12 9 

Hyperkeratosis elbows .. Sa a. 0 3 2 20 18 24 

Hyperkeratosis knees .. a sy 12 9 8 72 55 87 F 
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OF 660 LALA SCHOOL CHILDREN* 
~ 14 Over 14 
— GRAND All 
— 60 Over 60 TOTALS Children 
N.E S.W. V. N.E. Sw. V. N.E. S.W. v. 
152 85 85 68 10 13 305 160 195 660 
57 s«CS6°8 56-4 63-7 61-8 62:2 56-8 54-7 52-0 
15-2 16-5 15-8 111-1 87-0 99-8 78-0 68-6 69-0 
55-5 49-5 61°5 78 64:5. 82-5 43-5 43-5 43-5 
133 100-5 100-5 150 115 120 150-0 115-0 120 
115 48 62 42 2 9 226 93 142 10°, 
se! * | *@.1 = 0 0 16 0 1 3% 
5 0 0 6 0 0 rT 0 0 2% 
23 1 11 rT 0 ; 45 15 24 13% 
0 2 0 0 0 5 6 5 2% 
7 es ; 0 0 0 9 2 3 2% 
3 0 0 ; 3 ; 10 2% 
4 I 2 0 0 7 1 i 1% 
34 9 7 19 0 ; 15 19 19 17% 
2); 0: 2 2 ; 5 , 5 2% 
21 4 15 ; 5 42 22 31 14%, 
44 | 27 13 23 2 0 9 3~——t«B’ 33 25%, 
8g 2 ; ; 0 0 9 4 5 3% 
58 29 36 32 0 6 115 56 82 38% 
7 9 —_—ot oS 0 ; 25 18 35 12% 
5] 26 53 26 2 8 109 39 102 38% 
135 16 84 47 9 13 263 149 194 92% 
isl —s«834 85 65 10 13 301 159 195 99%, 
3 2 2 0 0 0 8 3 5 2% 
45 | 16 20 25 2 4 89 30 34 23% 
28 18 rr 7 ; 2 55 40 39 20°%, 
141 81 85 45 7 13 270 152 193 93% 
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APPENDIX A—continued 







































































Approximate age in years - 8 —11 
Height in inches 48 and below — 54 
Locality N.E. S.W. V. N.E. S.W. V. 
Total no. of children examined 12 9 8 73 56 89 
Leg scars .. 0 | 0 6 0 3 
Scabies 1 ] 1 8 0 4 
Fissures of soles 1 0 1 6 z 3 
Legs: 
Bowing l 0 0 ‘ 5 2 
Breasts: 
Gynaecomastia 0 0 0 0 0 0 
(Umbilical hernia 1 0 0 a 2 3 
Abdomen Enlarged liver 0 l 5 l 2 12 
‘Enlarged spleen 5 4 8 29 25 50 
Lungs: 
Rhonchj 1 0 0 3 2 5 
Heart: 
Systolic murmur 0 3 2 7 6 18 
Malaria present ri 4 2 48 39 55 
M.T. crescents 1 Z 0 4 5 4 
Blood 
Sicklaemia 1 1 It 13 11 11+ 
Hb mean in g. %t 11-6t 11-9 
Stools: 
Hookworm ova 7 3 5 38 29 41 
Urine: 
S. haematobium .. 0 6 | 5 3] 31 





++—-+ ¥ 


Male and Female combined. 
15 valley children not examined for sicklaemia—total tested 645. 
Figures taken from previous paper (630 children). 
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an Over’ 14 
GRAND All 
— 60 Over 60 TOTALS Children 

N.E. S.W. Vv. N.E. S.W. Vv. N.E. S.W. V. 

152 85 85 68 10 13 305 160 195 660 
26 s 5 26 1 1 58 10 9 12% 
17 1 6 15 0 0 41 2 11 8%, 
22 5 7 9 1 0 38 8 11 9%, 
: 3 4 0 0 0 7 8 6 3% 
2 0 0 2 0 0 4 0 0 — 
3 5 3 1 0 0 9. 7 6 3% 
2 6 5 0 0 0 3 9 22 5% 
33 27 35 10 3 2. #23»71 59tti‘«‘«‘SS 35% 
4 2 12 1 0 1 9 4 18 5% 
26 5 12 5 1 4 38 15 36 14% 
71 35 38 19 4 2 145 82 97 49% 
9 | 1 1 0 1 15 8 6 4%, 
17 10 12+ 10 1 i+ 41 23 25+ 14% + 

12-4 13-3¢ 12-9 12-1 11.5¢ 

68 52 26 28 2 4 141 86 76 46%, 





4 40 40 5 2 8 14 79 80 26% 
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APPENDIX B 
TABLE SHOWING COMPARATIVE FIGURES FOR THE THREE LALA LOCALITIES 
Height group (in.) 49 — 60 
Locality N.E. S.W. V. 
Staple diet Finger Millet Kaffir corn Kaffir Corn 
Schistosomiasis incidence 5% 49%, 41% 
Altitude (ft. above sea level) 3,500—5,000 3,500-—5,000 1,500—2,500 
Sex M. —-~’ M. F M. F. 
Total no. examined 142 83 87 54 95 79 
Height (mean in in.) 53-9 55-4 54-5 55-6 52-4 54-0 
Height (standard deviation) 2°89 2-75 2-82 3-06 2:76 3°12 
Weight (mean in |b.) 70-0 69-8 67-9 69-9 65-6 69-2 
Weight (range in lb.) Min. 49-5 49-5 52-5 46-5 46:5 = 49-5 
Max. 97-5 133-0 100-5 100-5 94-5 100-5 

Weight/Height ratio (from means) 1-28 1-24 1:25 | 1-26 1-25 1-28 
Face: = 

Cheilosis of lips *80 76 60 56 71 73 

Angular stomatitis 8 2 0 o 0 0. 

Dyssebacia 3 | 0 0 i. 0 0. 

Enlarged parotids 15 12 ie ae in ee - ie 9 
Fyes: 7 _ 

Conjunctivitis 2 2 6 2 3 3 

Trachoma 2 7 2 0 l 3 

Corneal scar I l — 0 2 5 5 
Tongue: _ 7“ 

Papillae enlarged 4 0 0 2 0 l 

Atrophy tip and sides . . 24 8 13 13 9 10 

Fissures l I 0 0 3 0 

Dental impressions 13 11 20 a 19 10 

Pigmentation 33 23 31 17 1 “-—_ a 20 

Bruising 4 2 3 2 ote S l 
Mouth: Ps 

Abnormal gums 43 27 47 28 48 37 

Dental caries 7 8 7 10 13 17 17 
Thyroid: - 

Enlargement 32 41 23 32 38 70 
Skin: ee 

Xerosis arms and hands 96 83 94 93 100 98 
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Height group (in.) 

























































































49 — 60 

Locality N.E. S.W. V. 
Staple diet Finger Millet Kaffir corn Kaffir Corn 
Schistosomiasis incidence 5% 49% 41% 
Altitude (ft. above sea level) 3,500—5,000 3,500—5,000 1,500—2,500 
Sex M. F. | ™M. F. M. F, 
Total no. examined .. 142 83 | 87 54 95 79 

~ Xerosis legs and feet 100 9 | 9 100 100 100 

Xerosis—generalized 6 0 | 4 0 3 0 
Follicular keratosis 30 2 | 18 22 16 18 
Hyperkeratosis: elbows 30 6 | 37 7 23 16 
Hyperkeratosis: knees 95 94 95 98 100 98 
Leg scars .. 15 12 5 7 3 6 
~ Scabies 13 7 | 49 0 8 3 
Fissures: soles of feet .. 12 13 3 7 6 5 
Abdomen: 

Enlarged spleen .. 27 30 36 39 49 48 

Enlarged liver 2 0 8 2 9 i0 
Heart: 

Systolic murmur 12 19 11 2 19 15 
Lungs: 

Rhonchi 5 0 3 2 9 10 
Blood: 

Malaria present .. 46 65 52 54 52 56 
~ Sicklaemia 15 rT 15 15 12 18+ 
Hb. mean g. per 100 ml. 12-94 12-14 11-5+ 

Stools: - | oie 

Hookworm ova 47 47 | 62 50 38 38 

i Selena haat | a: 
rine: 

S. haematobium ova 4 5 43 63 53 27 





* All figures unless otherwise stated are percentages. 
+ These figures are taken from the previous paper and apply to all the 630 children tested and not those actually 


here specified. 


+ 15 Valley children not examined for sicklaemia. 
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(RECEIVED FOR PUBLICATION JULY 3, 1950) 


There is no doubt that children suffer from limb 
pains more than adults. Since the most obvious 
difference between the child and the adult is the 
process of growth, it is hardly surprising that these 
pains have been dubbed ‘ growing pains’. An 
immediate objection is that the pains occur most 
commonly when growth is far from rapid: the 
years from 8 to 12, when the pains are most common, 
form, in fact, one of the ‘filling-out’ intervals 
between two of the three periods of rapid general 
and skeletal growth in childhood. A _ further 
criticism is that the commoner sites of pain do not 
correspond to the sites of maximal growth. More- 
over, it appears improbable that pains as inter- 
mittent as those described could be related to a 
process as gradual as that of growth. The idea of 
any causal relationship between growth and limb 
pains has, however, never been clearly abandoned, 
even though many attempts in this direction have 
been made from time to time. 

Fifty years ago childhood limb pains were 
considered to be a manifestation of the ‘ rheumatic 
process’, and many otherwise healthy children 
suffered enforced confinement to bed because of the 
chance association of limb pains with an innocent 
cardiac murmur. In the period between the two 
world wars the pendulum swung the other way; 
an association between rheumatic carditis and 
growing pains was discounted, despite some 
suggested evidence to the contrary (Wilson and 
Kopel, 1926; Seham and Hilbert, 1933). This 
reaction, beneficial though it was, possibly accounts 
for the continued lack of recorded observations of 
children with limb pains. 

A few studies have been made from the clinical 
aspect but have contributed little to our knowledge 
of the underlying processes. On the basis of 
haemoglobin, leucocyte, and sedimentation rate 
estimations and measurements of anti-streptococcal 
agglutinins (Seham and Hilbert), it has been 
postulated that the pains were due to an infective 
process, but this interpretation rests on evidence 
which does not appear to be statistically sound. 


A newer conception, though one not widely accepted, 
is that these pains are psychologically determined, 
possibly as a ‘dramatization of persecutions’ 
(Winnicott, 1939), and similar but so-called 
rheumatic pains in adults have been attributed to 
psychological causes (Flind and Barber, 1945 ; 
Hench, 1948). Sheldon (1946) suggested that 
growing pains fell into two groups associated 
respectively with fatigue or with damp weather; 
this suggestion possesses the merit of attacking the 
prevalent conception that growing pains represent 
a single clinical entity. 

The primary purpose of the work embodied in 
this paper was to obtain, by clinical enquiry and 
examination, basic data on limb pains in a school 
population. The data obtained were compared with 
those of a control group of children free from pains. 
The questions to which an answer was sought were. 
(1) Are persistent non-arthritic limb pains of 
childhood all of one type and aetiology ? (2) What 
are the clinical associations of the separate types ? 


Limb Pains in a School Population 


Criteria of Selection. At some time in their lives, 
for one cause or another, a large proportion of the 
child population suffers from limb pains. To 
exclude causes such as joint disease, trauma, occult 
infection, some criteria to warrant the grouping 
‘growing pains’ or ‘limb pains’ are necessary. 
They must, to some extent, be arbitrary and personal. 
Those adopted in the present survey were a history 
of pains of at least three months’ duration, not 
specifically located in the joints, and of sufficient 
severity to cause some interruption of normal 
activities. 

Method of Assessment. All children, totalling 721, 
attending certain school clinics in Bristol for routine 
school examination were questioned, in a more or 
less identical manner and without being subjected 
to strong suggestions, regarding the occurrence of 
pains. Their mothers were also questioned on 
similar lines. Those children with a history satisfying 
the required criteria were examined at the time and 
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again subsequently and more fully. The selection 
of school clinics to be visited was made by the school 
health authorities with a view to giving us a wide 
geographical area of survey. 

The assessment was lengthy and detailed, and was 
particularly directed to the following points. 

History OF PAIN. A history of the duration, 
frequency, times of occurrence, fluctuations and 
degree of intensity, exciting and relieving factors 
was obtained. 

FAMILY AND PERSONAL History. This related to 
the occupation of the father (as a guide to economic 
status), family history of rheumatic and allergic 
disorders, position of the child in the family, and 
reaction to cold and damp. 

MENTALITY. The assessment included school 
attainments, school and home behaviour. (Individual 
reports were obtained from the school authorities.) 

EXAMINATION. This included weight and height, 
build, colouring, activity of sweat glands, limb 
circulation, posture, and muscle tone. The general 
physical examination was as complete as possible. 
The erythrocyte sedimentation rate was estimated 
(Westergren method) in just over half the cases. 
In cases where some specific disease process was 
suspected, a radiograph of the chest was taken, or 
a blood examination carried out. 

Controls. Whenever a child with limb pains was 
selected, the next child due for routine examination 
was questioned and examined in a similar manner 
as a control. 


Limb Pains in Children referred to Hospital 


An additional group of 54 children, with limb 
pains as defined, were patients who had been 
referred to a hospital clinic by their own doctor, 
or by the school medical officer, on account of 
limb pains. 

Before the data from this group could justifiably 
be compared with that already obtained in the school 
survey, it was necessary to determine whether the 
children in the two groups differed in any significant 
respect. Interrogation and examination were carried 
out on the lines previously described. Each child 
was examined by two doctors. It was found that 
the two groups were comparable: there was no 
significant difference between them as_ regards 
personal and family history or physical and mental 
attributes. This group was therefore incorporated 
with the previous group for analysis. 


Follow-up 
Between one and three years after the first 
examination, a questionary was sent to the parents 
of all the children examined, and 53 replies were 


received. Among these, 19 children were stated to 
have lost their pains; the remainder were examined 
again. 

In the field survey concerning incidence, 30 
children were found to be suffering from limb pains 
as defined; the data from six were insufficient for 
detailed study, and the following analysis is based 
on the information obtained from the remaining 24, 
together with 54 cases obtained from Professor 
Perry’s clinic. Three cases with associated physical 
disorders (see later) are excluded from the analysis. 


Results 


Incidence. Of 721 children questioned at routine 
school clinics in the Bristol area 30 were found to 
be suffering from limb pains as defined. The 
incidence was therefore 4:2% (S.E.+0-75). The 
incidence in boys was 4-0%, and in girls 4-7%, 
the difference between these two proportions not 
being significant. 

On splitting the sample population into two 
groups, those examined respectively in the first and 
second months of the investigation, it was found 
that the incidence in the two groups was approxi- 
mately the same, and it is therefore concluded that 
the method of sampling was sound. 

Age Incidence. A detailed analysis was not 
justifiable with the number of cases available, but 
the maximal incidence was found to fall between 
eight and 12 years. 

Associated Disorders. In two cases an active 
primary tuberculous infection was present, in one 
of these limb pains preceding the occurrence of 
erythema nodosum by several months. In one case 
osteochondritis of the knee was diagnosed. 

Negative Findings. As the basis for comparison 
the data derived from the control series previously 
described provided the standards of assessment, both 
for negative and positive findings. In the following 
there was no significant difference between the 
control group and those with limb pains: develop- 
mental progress, frequency of respiratory infections, 
liability to chilblains, numerical position of child in 
family, social or financial status, allergic disorders, 
congenital anomalies, complexion and colour, build, 
muscle and ligament tone, general nutritional state, 
limb circulation, degree of sweating, state of 
lymphatic glands, respiratory infection, joints, 
general systemic examination. 

Positive Findings. The positive findings may be 
assessed under different headings. 

FamiLy History OF ‘ RHEUMATISM’. There was 
a family history of some rheumatic complaint in 
a striking number of the children with limb pains 
as compared with those in the control group. 
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TABLE 1 


INCIDENCE OF FAMILY HISTORY OF RHEUMATIC DISEASES IN CHILDREN ATTENDING SCHOOL CLINICS 

















; ; All Forms of Acute No Total 
Family History Positive Rheumatism Rheumatism Rheumatism Numbers 
Control group .. “ iy 3 1 27 30 
Limb pain children .. ae 18 4 6 24 
TABLE 2 


TYPES OF FAMILY HiIsTORY OF RHEUMATIC DISEASES IN ALL CHILDREN STUDIED 




















Multiple 
No | Multiple not 
Relevant Acute Growing Fibrositis, including including 
Family Rheumatism Pains etc. Growing Growing Total 
History Only Only Pains Pains 
Pains predominantly 
nocturnal... ee 5 I 3 3 6 l 19 
Pains predominantly om : 
diurnal 7 is 12 8 2 13 5 5 45 
Both or incomplete i" rae | 
data xe ia 3 3 0 3 I l 11 
Total .. by 20 12 > 19 12 7 Fi 
TABLE 3 


RELATION OF OCCURRENCE OF PAINS TO RECENT EXERTION IN ALL CHILDREN STUDIED 




















Unrelated Doubtful Related Total 
Pains predominantly nocturnal 8 6 5 19 
Pains predominantly diurnal .. 7 5 33 45 
Both, or incomplete data as l 4 6 11 
TABLE 4 


POSTURAL ABNORMALITIES IN ALL CHILDREN STUDIED WITH DIURNAL AND NOCTURNAL PAINS 

















No Abnormalities 
Abnormalities Doubtful Present Total 
Pains predominantly nocturnal 16 I 2 19 
Pains predominantly diurnal .. 19 3 23 45 





Both, or incomplete data ms 5 2 4 11 
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Rheumatic disorders were taken to include rheu- 
matic fever, arthritis, and so-called muscular 
rheumatism or fibrositis. Enquiry was made as to 
the experience of parents, grandparents, and 
siblings (Table 1). 

In some instances several members of the family 
had suffered from such pains in childhood and from 
‘muscular rheumatism’ in later life. There was, 
however, in most cases a distinction: those children 
with pains occurring mainly at night usually had 
relatives with a similar type of nocturnal pain, while 
those with pains occurring mainly by day gave a 
strong family history of diurnal ‘ muscular 
rheumatism’. An attempt has been made to 
separate these groups, and to clarify the type of 
‘rheumatism ” on the evidence available (Table 2). 

Effects of Exertion and Fatigue. In a fairly Jarge 
number of children the pains were aggravated or 
brought on by exertion, or when the child felt tired. 
This occurred mainly among those complaining of 
pains in the daytime (Table 3). 

Postural defects such as lordosis, pes planus, and 
scoliosis, were fairly common in these children 
(Table 4). 

Emotional Abnormalities. In a few children there 
was an evident over-reaction to all forms of pain. 
Frequently this was accompanied by emotional 
instability, and the mother’s emotional reactions 
were also excessive. 

Other emotional disturbances were commoner in 
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children with growing pains than in controls. Our 
assessment was made from three aspects. First, on 


the child’s behaviour during interrogation and 
examination, and the mother-child relationship; 
second, on the mother’s testimony as _ regards 
behaviour, including a comparison with other 
members of tne family; third, on a school report 
obtained specially for the purposes of the iavestiga- 
tion. The mother was asked about the occurrence 
of enuresis, nightmares, irritability ana timidity, and 
the child questioned about his interests, hobbies, 
and opinions. The school authorities were asked 
to report on the child’s intellectual attainments, 
position in class, regularity of attendance, and 
relations with other children. Usually all three 
were in agreement, but in a small proportion of cases 
the child was almost too well-behaved at school 
and seemed to ‘have his fling ® when he was at 
home. 

Where subjective phenomena are being considered, 
and where evidence is collated about past events, 
often at secondhand, it would be unsound to 
attempt a detailed analysis based on the results, nor 
do the conclusions lend themselves to statistical 
treatment. Nevertheless, certain impressions were 
obtained which assist in a broad classification of 
the cases. Minor nervous troubles were commoner 
in children with limb pains than in the controls. 
The children were frequently irritable, nervous, 
afraid of the dark; not uncommonly they suffered 


TABLE 5 


INCIDENCE OF EMOTIONAL 


ABNORMALITIES COMPARED 














Emotionally Emotionally 
Stable Doubtful Unstable Total Analysed 
Control group 24 2 = 30 
Limb pain children .. 12 6 6 24 
TABLE 6 


. 


EMOTIONAL ABNORMALITIES IN ALL CHILDREN STUDIED WITH DIURNAL AND NOCTURNAL PAINS 





| 




















Emotionally Emotionally 

Stable Doubtful Unstable Totals 
Pains predominantly nocturnal .. 11 4 4 19 
Pains predominantly diurnal 16 10 19 45 
Both, or incomplete data 6 4 | 11 
Totals 33 18 24 75 

(including 4 

backward children) | 
Controls 24 4 30 


| 











138 ARCHIVES OF DISEASE IN CHILDHOOD 


from bad dreams, nightmares, nocturnal enuresis, 
or tics. We have not attempted a classification of 
psychological disturbances, though this theme was 
so frequently apparent, but a broad separation of 
those children considered emotionally stable or 
unstable shows a predominance of disturbances in 
those with limb pains (Table 5). 

The separation of children with pains either 
predominantly diurnal or nocturnal gives the 
impression that emotional disturbances are more 
commonly associated with diurnal pains (Table 6). 


Discussion 


Incidence of Limb Pains. The age and _ sex 
incidence in the present series are in agreement with 
those recorded by other workers. Two comments 
are worth making: first, that the maximum incidence 
falls in a period when growth is relatively slow; 
and secondly, that similar pains, when they occur in 
adult life, are then attributed either to ‘ rheumatism ’” 
or to psychological disturbances (Flind and Barber, 
1945). For these and other reasons the term 
* growing pains ’ is obviously inaccurate and should 
be discarded; we prefer the less specific term, ‘limb 
pains ’. 

The numerical incidence previously found has 
varied greatly, the highest recorded incidence being 
50% (Williams, 1928). The marked discrepancies 
illustrate to some extent the differences in criteria; 
our own figure of 4-2% is lower, largely because of 
the more stringent criteria employed. If all cases 
with transient, mild, and nondescript pains had been 
included, the incidence in the present series would 
have been rather more than twice as high. The 
difficulty of selection, for example, of a child who 
had had one or two twinges of mild pain a year 
previously, appeared insuperable, and indicate that 
some such criteria as we adopted are essential for 
any valid study. 

Within the limits obtaining at primary schools, 
economic factors appeared not to play any appreci- 
able part in the pathogenesis of the pains, but it 
may be that other factors, such as climate, which 
could not be estimated in a local survey, are of 
importance. 

Underlying Organic Disease. The exclusion of 
cases with demonstrable underlying organic disease 
is clearly essential in the investigation of children 
with limb pains. One of the well-recognized causes 
of vague limb pains is occult infection, and the two 
cases of active primary tuberculosis in the present 
series come into this category. The majority of such 
can be eliminated if a duration of, say, three months, 
is one of the criteria imposed for the selection of 
cases. Satisfactory weight progress will also help 


in elimination, and estimation of the E.S.R. provides 
further assistance. 

In cases without demonstrable organic disease the 
E.S.R. appears to provide negative evidence. 
Westergren’s method was used to measure the 
E.S.R. in just over half the children with limb pains. 
As many estimations were made as were feasible, 
but no good method of sampling was employed and, 
consequently, the results are of little value. Of 26 
estimations on children with diurnal pains the mean 
reading was 6-2 mm.+1-7 mm.; of eight children 
with nocturnal pains the mean reading was 
8-5+5-5 mm., and of five other children whose 
pains were not easily classified the mean reading 
was 5°8+2-°3 mm. 

In the present series, only three cases with organic 
disease were found, but other causes of long- 
standing limb pains which we have encountered on 
occasion include leukaemia, coarctation of the 
aorta, auricular septal defect, food sensitivity, and 
asthma. The much more frequent association with 
postural defects is better known. 

No relationship to rheumatic fever was estab- 
lished in our series. Only one child had a history 
of rheumatic fever, occurring as an episode during 
long-continued limb pains. In the Bristol area, 
from which our cases were drawn, all children with 
acute rheumatism (or chorea) are referred to 
Professor Perry’s clinic; the fact that no such evert 
occurred among the cases with limb pains, over a 
period of two to four years, therefore, appears 
significant. Sheldon (1946) found that of 189 
children under observation for four years with 
‘growing pains” only two developed rheumatic 
fever. On the other hand, he noted also that of 
266 children with rheumatic heart disease 52 gave 
a history of preceding pains. It may be that in the 
latter group occult, repeated upper respiratory 
infection plays a part in the production not only 
of heart disease but also of the limb pains. 

Special Times of Occurrence. Limb pains 
appeared to occur at all times of the year, though 
more frequently in the winter. As far as could be 
ascertained, they occurred in holiday time as well 
as in term time. 

Site of Pains. In two-thirds of the cases pains 
occurred only in the lower limbs; in no single 
instance were they confined to the arms alone. In 
one-third of the cases they occurred variably in 
arms, legs, and possibly the trunk. Those pains 
occurring solely at night were almost exclusively 
confined to the lower limbs. The pains were located 
in muscles, and close questioning of the child left 
no doubt that joints were unaffected. 

Types of Pain. We have divided the types of 
pain into three groups. 
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Group |: ILL-DEFINED Pains. In a few children 
there was no clear-cut distinction between diurnal 
and nocturnal pains, and in these. the pains tended 
to be vaguely distributed in the limbs and the 
body. 

Group 2: DIURNAL FATIGUE Pains. In the 
largest group, 45 cases (64%), the pains were 
predominantly diurnal. They varied in severity and 
frequency but were most troublesome after heavy 
exertion; often they brought the child in from play, 
but sometimes the onset of pain was delayed until 
late evening. Nearly always they occurred in the 
legs and feet. Several associations were clearly 
evident: postural defects were common, emotional 
disturbances were frequent, and there was usually a 
strong family history of ‘ rheumatic ’ disorders. 

In a small and distinct sub-group there was a 
pronounced over-reaction to all forms of pain. 

Group 3: PAROXYSMAL NOCTURNAL PAINS. In 
19 children (27%) the pains were predominantly 
nocturnal. On the uncommon occasions when pain 
occurred in the daytime it was rapid in onset and 
severe, but lasted only a short time. At night the 
child would awaken with pains in the shins, calves, 
and thighs, and attacks might occur on several 
successive nights. The pain tended to be severe 
for a few minutes, then faded slowly, and after an 
hour or so the child would fall asleep again. 
Rubbing the legs was comforting, but gave no real 
relief. During the next day the limbs were some- 
times said to be heavy. Most mothers and children 
agreed that the pains were commoner in wet or 
cold weather, but occasionally they occurred during 
the warm summer months. The only other common 
association was a history of ‘ growing pains’ in 
other members of the family. There was no 
apparent relation to exertion and fatigue or faulty 
posture; emotional disturbances were distinctly 
less common than in groups 1 or 2, though probably 
commoner than in the control group. 

We are indebted to a medical colleague for a 
graphic description of the pain. It first developed 
when she was 9 years old, and woke her up about 
two hours after she had gone to sleep. The pain 
was excruciating and was located chiefly in the 
thighs and shins. The pain lasted in severe form 
for somewhat over ten minutes, and was not really 
eased by rubbing although she found this a comfort- 
ing procedure. She was sufficiently free of pain 
after an hour to go to sleep again, but next morning 
her limbs felt tired and heavy. Bouts of pain only 
occurred in the winter, and even then there would 
be intervals of freedom lasting a month or so. At 
the worst, the pains would occur about once every 
other night. The attacks of pain gradually became 
less frequent, and ceased after the age of 12 which, 


incidentally, was the time when she first began to 
grow rapidly. 

Aetiology. Flind and Barber (1945) have discussed 
the psychogenic basis of some so-called rheumatic 
pains in adults, in whom symptoms may date from 
childhood. The small number of children in our 
group 1 appear to fall into this category. In the 
remaining cases there appeared, as a recurring theme, 
a suggestion of emotional disturbances, but so 
different were the relative incidence and the 
associated factors that a purely psychogenic causa- 
tion appears untenable. Sheldon (1946) has 
separated growing pains into two groups, associated 
respectively with fatigue and damp; his two classes 
show a rough correspondence with our groups 2 
and 3, but the additional features which became 
apparent during the course of our investigation 
appear of prime importance. 

In the group of diurnal pains the trigger effect of 
exertion, possibly superimposed on faulty posture, 
should be correlated with the high incidence both 
of emotional disturbance in the child and of 
‘ rheumatic ’ disorders in the family. It is specula- 
tive but tempting to suggest that the family history 
of rheumatism is merely another facet of a familial 
tendency to emotional disorders, but we have no 
evidence to support this. It does, however, appear 
possible that with a background of emotional 
disturbance or familial predisposition, whether 
inherited or not, a degree of exertion or faulty 
posture, which in the normal child would produce 
no untoward effects, may result in limb pains. 

The characteristics of the nocturnal pains appear 
quite distinct from those already described. Again, 
in this group the incidence of emotional disturbances 
was slightly higher than in the controls, but in this 
group the difference was not statistically significant. 
The associations with ‘ growing pains’ in other 
members of the family on the one hand, and with 
cold and damp on the other, might be due to an 
abnormal familial response to atmospheric con- 
ditions, but positive evidence on this score is 
lacking. It is believed that cramp runs in families, 
and the characters of the nocturnal paroxysmal pains 
described are reminiscent of such occurrences. 

The evidence from these studies suggests that 
limb pains, even when manifest organic disease has 
been excluded, comprise more than one single 
clinical entity. That an important part is played 
by psychological factors is clear, but it is only one 
facet of the problem. Investigations confined to the 
child alone are unlikely to be productive of further 
information; parallel data are required regarding 
familial responses to atmospheric changes, and the 
familial relationship, if any, between pain and 
psychological aberrations. 
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Summary 


By sampling, the incidence of persistent non- 
arthritic limb pains in the Bristol school population 
was found to be 4:2%. It was approximately equal 
in boys and girls, and the maximum incidence lay 
between 8 and 12 years of age. 

By comparison with controls, a family history of 
rheumatic disorders was found to be significantly 
commoner in children with such pains. Minor 
emotional disturbances also appeared to be common, 
especially in certain groups. 

The majority of children with limb pains fell into 
one of two groups. ‘Diurnal fatigue pains’ 
occurred in children in association with exertion, 
fatigue, and postural defects. In this group 
emotional disturbances were very common, and 
there was a strong family history of rheumatic 
disorders. ‘ Paroxysmal nocturnal pains ° occurred 
in children who were more stable emotionally but 
who came from families in whom similar pains were 
common: A small group of children had pains 
apparently of psychological origin without other 
associations. 
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Only in rare instances was any underlying organic 
disease present. 

The term ‘ growing pains’ should be discarded 
since the pains have no demonstrable connexion 
with growth. 


We are very grateful to Professor R. H. Parry, the 
Medical Officer of Health for Bristol and to Dr. A. L. 
Smallwood for making the school investigation 
possible; to Drs. J. Benn, H. R. E. Wallis, and J. A. 
Cosh for their generous help on many occasions; and to 
Professor C. Bruce Perry for allowing us to study the 
54 clinic children with limb pains. 
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It has been recognized for over 20 years that the 
therapeutic administration of oily substances either 
nasally or orally may in certain circumstances lead 
to the development of pneumonia, often fatal in its 
outcome. 

In 1940 Bishop collected and reviewed 136 cases, 
and in 1941 Kaplan stated that he had been able 
to find references to 411 cases in the literature, but 
subsequent cases continue to be recorded. It is 
our intention, therefore, to review the information 
available and to describe a case which illustrates 
certain aetiological and pathological aspects of 
paraffin pneumonia. 


Historical 

The first description of oil aspiration pneumonia 
in animals was by Waters, Bayne-Jones, and 
Rowntree in 1917, who during the course of an 
investigation to decide the most suitable substances 
for bronchography, showed that bromoform in olive 
oil when injected into the trachea of a rabbit caused 
a fatal pneumonia. 

Subsequent animal experiments by Guieysse- 
Pellissier in 1920 and by Corper and Freed in 1922 
showed that both vegetable and mineral oils 
produced a characteristic type of pneumonic change 
when injected intratracheally into dogs and rabbits. 

The original description of oil aspiration pneu- 
monia in man was by Laughlen in 1925 who 
described four cases diagnosed at necropsy; three 
cases were in infants and one in an adult. In two 
cases oral medicinal paraffin was the oil incriminated 
and in two cases oily nasal drops. 

Laughlen followed up this pathological finding by 
reproducing in experimental animals _ identical 
pulmonary changes at necropsy after the intra- 
tracheal injection of the same oils as had been 
given to his patients. 

In 1927 Pinkerton reported six cases of oil 
aspiration pneumonia found at necropsy, com- 
prising five infants and one 6-year-old boy. Five 
of these children had suffered from chronic illness 
for a considerable time before their death. Two 
of the infants were described as always difficult to 


feed, another infant had convulsions due to a 
subdural haematoma discovered at the necropsy, 
and one case (Pinkerton’s case 4) may well have 
been one of cystic fibrosis of the pancreas. The 
older boy was a tension athetoid. Pinkerton also 
showed that the identification of the oil in the lungs 
might be assisted by differential staining. 

In 1928 Pinkerton reported the varying pulmonary 
changes produced by animal, vegetable, and mineral 
oils injected intratracheally in animals, noting how 
the pathological changes altered according to the 
time interval between the injection and the time 
of death, and also that damage to the lung was 
produced by animal and mineral oils, vegetable 
oils being relatively innocuous. 

In 1932 Pierson recorded what appears to be the 
first diagnosis of oil aspiration pneumonia made 
during life. The diagnosis was suggested by the 
radiological picture which showed more abnormality 
than the clinical signs in the chest suggested. 

In 1933 Fischer-Wasels showed that a more 
precise determination both of the nature of the 
aspirated oi] and the amount present in the lungs 
could be obtained by extraction and _ physico- 
chemical analysis. 

A clear description of the pathological findings 
in the lungs was given by Ikeda in 1935, who 
described seven cases, all in children, diagnosed at 
necropsy. 

In the great majority of cases, however, the exact 
nature and total amount of oil in the lungs has not 
been determined by extraction and by physico- 
chemical analysis. 


Case History 

A boy aged 84 months was brought to St. Mary’s 
Hospital with the complaint that he had been losing 
weight for the previous three months and had suffered 
from stertorous breathing and excessive sweating for 
one month. 

On being questioned his mother gave the following 
history. He was a first child, born weighing 7 Ib. (3-2 kg.) 
after a normal pregnancy. He was successfully breast-fed 
for three months when he was weaned on to a half-cream 
proprietary dried milk and given six feeds per day each 
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containing 4 dr. of the milk powder in 4 oz. water. A 
few weeks later a full-cream dried milk was substituted 
and he was given five feeds a day each containing 4 dr. 
of the milk powder and one teaspoonful of sugar in 
4 oz. of water. He was also given one teaspoonful of 
cod liver oil daily and unsweetened orange juice. On 
this seemingly inadequate diet he is said to have increased 
his weight to 18 Ib. 11 oz. (8-5 kg.) at54 months. At 
that age his health, previously good, began to deteriorate. 
His parents attributed this to teething and in the course 
of two or three weeks gave him on nine occasions a 
proprietary teething powder which contains 0-75 gr. 
calomel. 

His symptoms were limpness, vomiting, excessive 
perspiration, fretfulness, and loss of appetite. At 
6 months, although not obviously photophobic, he began 
to rub his eyes and developed a bilateral conjunctival 
discharge which was treated with penicillin drops. It 
was also noticed at this time that his hands and, more 
especially, feet, appeared to itch and he would rub them 
together. Neither his hands nor feet were pink, but the 
feet felt cold and later skin peeled from between the 
fingers and toes. He appeared peculiarly lifeless and 
made no attempt to sit up or stand on his mother’s lap 
as he had done previously. He also became constipated, 
hard stools being passed every other day, and so from 
the age of 6 months until his admission to hospital he 
was given three teaspoonfuls of medicinal paraffin daily. 
He never struggled when being dosed. 

From 7$ months the sweating became yet more 
excessive and his mother noticed rapid noisy breathing, 
especially at night. He had no cough. Nose drops 
were not administered. 

In the first month of his illness, that is from the age 
of 5} months, he lost about 2 Ib. (0-91 kg.) in weight; 


Fic. 1.—Radiograph of 
chest on admission. 
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about half this was regained in the second month but 
a further loss occurred in the third. 

He was never given more than 20 oz. per day of the 
full-cream milk (constituted as stated above) and the 
only additional food given was the daily dose of cod 
liver oil and the yolk of an egg every other day. Broth 
and groats were tried but were consistently refused. 

On examination he appeared a thin, pale, listless infant 
and showed remarkable muscular hypotonia although 
he could move his limbs normally. Tendon reflexes 
were absent. He weighed 16 lb. 9 oz. (7:5 kg.). The 
temperature was normal, but the pulse rate was 130 per 
minute and the respiratory rate 60 per minute. 

Small lymph nodes were palpable in the neck, axillae, 
and groins. The skin was excessively moist, but other- 
wise normal. The two lower central incisors had 
erupted. The pharynx was slightly inflamed. The 
thorax was somewhat barrel shaped with eversion of 
the rib margins, the movement was diminished on the 
right side, but there was otherwise no abnormal physical 
sign in the chest. 

A radiograph of the chest (Fig. 1) showed ‘ diffuse 
parenchymal inflammatory changes of a pneumonic type 
in the right upper lobe and in the more medially lying 
segments of the right lower lobe ’. 

The infant was admitted to hospital and the following 
investigations were carried out. Nose and throat swabs 
were cultured but grew no pathogenic organisms. The 
cerebrospinal fluid, which was sterile, contained lympho- 
cytes 1 per c.mm., protein 100 mg., chlorides 773 mg., 
and sugar 145 mg. per 100 ml. 

On the day following his admission to hospital his 
condition suddenly worsened. His pulse rate rose to 


200 per minute and his temperature to 101° F.  Respira- 
tions were rapid and shallow and the lower ribs were 
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Fic. 2. Cut surface of the formalinized lung. 
There is complete consolidation with a pale, 
mottled, geographical pattern. 


Fic. 3.—Photomicrograph showing large free 

globules of oil in the alveoli, which also contain 

numerous oil-laden macrophages. Some oil 

globules have fallen out leaving empty spaces. 

Frozen sections. Sudan III and haematoxylin. 
x 200. 





Fic. 4.—Photomicrograph of oil-laden _macro- 
phages in the alveoli and a bronchiole. Haema- 
toxylin and eosin. x 200. 


Fic. 5.—Photomicrograph of coarse globules 

of oil in macrophages. Cellular exudate in 

the interalveolar septa. Haematoxylin and 
eosin. x 330. 
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drawn in on inspiration. In a few hours the temperature 
rose to 106°, the infant became cyanosed, fell into coma 
and died. 

The history suggested the diagnosis of pink disease, 
and the tachycardia, hypotonia, absence of deep reflexes, 
and excessive sweating found on examination were also 
in favour of this diagnosis. Whatever the cause of his 
anorexia, however, it resulted in the infant tolerating 
a diet quite inadequate for his age. This extreme 
underfeeding would account for the constipation which 
was treated with large doses of liquid paraffin over a 
prolonged period. 

The possibility of lipoid pneumonia was not con- 
sidered until the post-mortem examination. As his 
mother had been suspected of having pulmonary 
tuberculosis two years previously, primary intrathoracic 
tuberculosis was considered a possibility. 

Necropsy. Necropsy was performed 11 hours after 
death. The subject was a male infant 274 in. (70 cm.) 
in height and weighing 15 lb. 7 oz. (7 kg.). A small 
amount of fluid blood was present in the left ventricle; 
the other heart chambers were empty. The ductus 
arteriosus was closed. The foramen ovale was patent. 

A thin film of oil was found covering the mucous 
surfaces of the trachea and bronchi and this gave the 
first indication of the true diagnosis. The lungs were 
pale, solid and firm, and each portion sank in water. 
Areas of greyish mottling were seen on the cut surface 
against the pale brown background of the lung. These 
areas were fairly evenly distributed throughout both lungs 
(Fig. 2). The pleura was smooth and glistening. When 
the lung was immersed in water minute globules of oil 
rose to the surface and coalesced to form a thin refractile 
film showing a play of colours. 

The only other findings worthy of note were: the 
intestines were moderately distended. Peyer’s patches 
were prominent in the ileum. Malpighian bodies were 
clearly visible on the surface of the spleen. A mild degree 
of phimosis was present. The testes were in the inguinal 
canals. 

A culture taken from the lungs at necropsy grew a 
mixed flora of Staphylococcus aureus, Streptococcus 
viridans, non-haemolytic streptococci, and some diph- 
theroid bacilli. 

Chemical Examination. The wet formalized lung 
weighed 121 g. A representative portion weighing 7 g. 
was treated as follows: (1) The tissue was homogenized 
in water in a Waring blender. (2) The emulsion was then 
treated repeatedly with ether which was subsequently 
evaporated. (3) The residue was saponified in 5% 
potassium hydroxide in alcohol. (4) The alcohol was 
removed by distillation. (5) The residue was extracted 
with ether and washed with water. (6) The extract was 
then dehydrated with anhydrous sodium sulphate and 
dried at 110° C. for one hour. (7) The product was 
weighed and the paraffin separated from the steroids 
with petroleum ether. The weight of the product before 
separation was 0-834 g. and after separation 0-800. 
The 7 g. of wet lung therefore yielded approximately 
11% of paraffin by weight. This figure must be some- 
what lower than the true paraffin content, on account of 
the unavoidable loss of oil during the handling of the 
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material before extraction. The specific gravity of the 
paraffin was 0-85, and it did not react with a mixture 
of sulphuric and fuming nitric acid. The spleen and 
liver treated similarly yielded no paraffin. 

Histology. Paraffin-embedded sections were stained 
with Ehrlich’s haematoxylin and eosin, iron haematoxylin 
and Van Gieson, Ziehl-Nielsen’s stain and with Marchi’s 
osmic acid stain. Frozen sections were examined 
unstained and were treated with absolute alcohol, xylol, 
and chloroform for fat solubility. They were also treated 
with varying dilutions of potassium hydroxide in the 
hope that any organic fat present would be saponified 
and that this might serve as a histo-chemical method 
for identifying paraffin, since the latter is not saponifiable. 
Iodine, Sudan III, Nile blue sulphate, the Smith Dietrich 
osmic acid method, and Ziehl-Nielsen’s stain were used 
in the staining of frozen sections. All sections were 
compared with sections of an endogenous lipoid 
pneumonia in a case of carcinoma of the bronchus. 

The first and most useful distinguishing feature was 
observed during the manipulation of the frozen sections, 
when it was found that clearly visible oil globules rose 
rapidly to the surface of the water when the sections 
were washed. No such globules were seen in the case 
of endogenous lipoid pneumonia. 

The substance of the lung was mainly solid and 
contained few aerated spaces. It presented a mixed 
pattern of alveolar consolidation, oedema, interstitial 
pneumonia, and lobular collapse (Figs. 3, 4, 5). The 
cellular exudate in the alveolar spaces consisted of oil- 
laden macrophages lying discretely or forming irregular 
compact casts (Fig. 3). These macrophages varied 
considerably in size, some being no larger than an average 
leucocyte, while at the other extreme there were very 
large cells with distorted outlines filled with numerous 
coarse globules of oil (Fig. 5). Large oil globules were 
also seen lying free in some alveoli and bronchioles 
(Fig. 4). All these globules stained with Sudan III, 
but the attempt to stain the paraffin specifically proved 
unsuccessful. The large free globules of oil stained blue 
with Nile blue sulphate and dark brown to black with 
osmic acid. This staining was denser and darker 
towards the periphery of the globules and lighter in the 
centre. The small intracellular globules of oil stained 
well with Sudan III, and faintly, or not at all, with the 
other dyes. All the globules were insoluble in absolute 
alcohol and soluble in xylol and chloroform. The 
attempt to saponify the fat in the control sections from 
the endogenous lipoid pneumonia with potassium 
hydroxide leaving the oil intact in the sections taken 
from the present case was unsuccessful. Solutions of 
potassium hydroxide which were sufficiently concen- 
trated to saponify the fats invariably destroyed the 
tissues. Ziehl-Nielsen’s stain showed no _ acid-fast 
material. 

In some areas the alveoli were filled with serous fluid 
and contained no cellular exudate. The alveolar septa 
in such areas had dilated capillaries but little or no 
inflammatory infiltration. This appearance was in 
contrast with other areas where interstitial pneumonia 
was marked and the alveolar spaces almost completely 
obliterated by the expansion of the swollen septa. The 
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cellular exudate in such septa consisted of some oil-laden 
macrophages, numerous histiocytes containing a varying 
amount of cytoplasm but no visible oil, and lymphocytes. 
Polymorphonuclear leucocytes were scarce. 

Some catarrhal :desquamation of the epithelium was 
seen in the bronchioles and many of them also contained 
oil macrophages. Many of the bronchioles showed 
chronic inflammatory changes with plication of the 
mucosa and reduction or complete occlusion of the 
lumen. 

The regional lymph nodes were slightly oedematous, 
congested and showed a moderate amount of sinus 
catarrh. A few oil macrophages were seen in the 
sinuses of these nodes. 


Discussion 


Pathology. The histological features of the oil 
pneumonias are well known. They have been fully 
investigated by Pinkerton (1927 and 1928), Ikeda 
(1937), Paterson (1938), and Graef (1939) in human 
necropsies and animal experiments. The lung 
responds to the inhalation of oil by a foreign body 
reaction, with an outpouring of macrophages into 
the alveoli, and by the later formation of giant cells 
and septal fibrosis. The nature of the aspirated oil 
can to some extent be judged from the histological 
appearance. Fats with a high free fatty acid content 
or fats which are rapidly hydrolysed tend to produce 
an acute inflammatory process with oedema and 
necrosis. This is the case with all animal fats and 
some vegetable fats such as chaulmoogra oil, 
peanut oil, and some samples of olive oil. Other 
vegetable oils, however, such as the iodized poppy 
seed oil and castor oil, do not appear to be irritating 
to the lung and seem to be removed by expectoration 
producing no necrosis and little or no foreign body 
reaction. 

Inhalation of medicinal paraffin is characterized 
by its rapid emulsification and phagocytosis and the 
absence of acute necrosis. The alveoli become 
filled with mononuclear cells containing fine droplets 
of paraffin, a patchy or confluent area of consolida- 
tion being produced. The septa are engorged with 
macrophages, histiocytes and lymphocytes and are 
later invaded by fibroblasts. The oil appears to be 
removed with difficulty as it cannot be metabolized 
by tissue enzymes. As fibrosis proceeds the fine oil 
globules tend to coalesce to form larger droplets and 
the macrophages disintegrate. Ultimately a tumour- 
like lesion may be formed. These ‘ paraffinomata ’ 
are a feature of adult aspiration pneumonia. 

If the quantity of oil inhaled is large or its rate of 
introduction rapid, much of it wiil remain 
unemulsified and large globules will be found in 
the air passages. The histological picture will be 
more of patchy and variable alveolar consolidation 
with lobular collapse and less of inflammatory 


interstitial infiltration or fibrosis. Macrophages 
containing oil droplets are also found in association 
with suppurative pneumonia and carcinoma of the 
bronchus, but the following features clearly demon- 
strated in our case helped to differentiate the 
condition from an endogenous lipoid pneumonia: 
(1) the presence of free large oil globules in the air 
passages; (2) the considerable irregularity of size 
and form of the paraffin oil macrophages; (3) the 
coarseness and variation in size of the intracellular 
oil globules; (4) the rise of oil globules to the surface 
on immersion of the lung or frozen sections of it 
in water. 

While the irregularity in size of fat droplets and 
macrophages is not uncommon in cases of endo- 
genous lipoid pneumonia and oil globules are 
sometimes seen to rise to the surface when other 
very fatty material such as lipomatous tissue is 
immersed in water, numerous free large globules of 
oil in the air passages are unlikely in any condition 
other than exogenous lipoid pneumonia. 

Differential staining methods have received much 
attention and are of most value in distinguishing 
medicinal paraffin from other oils. While paraffin 
will stain with Sudan III it cannot, of course, reduce 
osmic acid as is the case with animal or vegetable 
oils containing even very small quantities of free 
unsaturated fatty acids. But differential staining 
methods may prove equivocal because paraffin is an 
excellent solvent of organic material and will absorb 
and adsorb such substances as albumen, mucus, 
steroids, and organic fats. 

A curious reaction peculiar to cod liver oil 
discovered by Pinkerton (1928) is the formation of 
a membrane round the droplets which renders them 
insoluble in ordinary fat solvents. This membrane 
area stained by Ziehl-Nielson’s method is acid-fast, 
and this process is a valuable means of identification. 

The most satisfactory proof of the existence of 
liquid paraffin in an oil aspiration pneumonia, and 
one supplied in only a small proportion of the 
reported cases, is provided by chemical extraction 
and analysis of the suspect lung. This was first 
carried out by Fischer-Wasels (1933) and subse- 
quently by Paterson (1938), Graef (1939), Kaplan 
(1941), and others. 

In the case of other oils chemical extraction is not 
so useful but will give an idea of the excess of 
saponifiable fat over the average normal figures. 
The total fat content of the portion of the lung we 
examined was not estimated. 

It is clear that liquid paraffin was the oil mainly 
responsible for the pneumonia in our case, but the 
finding in the air passages of large oil droplets 
staining with osmic acid suggests that a terminal 
aspiration of food fats may have occurred. 
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Aetiology. It is well established that small 

quantities of oil introduced into the nose may find 
their way into the lungs. This has been demon- 
strated in animal experiments by Walsh and Cannon 
(1938) and in man by Quinn and Meyer (1929) who 
injected iodized oil into the nostrils of sleeping 
patients and were able, the next morning, to 
demonstrate its presence in the lung radiologically. 
Moreover, bronchography can be satisfactorily 
carried out by the injection of lipiodol into the 
nasopharynx of a patient under general or local 
anaesthesia. 
' Medicinal paraffin seems to be non-irritant to 
respiratory mucous membrane, and therefore its 
entry into the trachea may provoke no cough reflex 
even in a conscious patient, and Proetz (1934) has 
shown in animal experiments that whereas rabbit 
nasal ciliae continue to move indefinitely under a 
layer of liquid paraffin their ‘ streaming’ action is 
feeble or absent. 

In many reports of paraffin pneumonia in adults 
and children the oil has been introduced in the form 
of nose drops or throat sprays. The danger of this 
form of medication is therefore widely recognized. 
The National formulary appends a warning against 
the ‘ prolonged and continuous’ use of oily nose 
drops. The circumstances in which their use is 
dangerous is, however, less clear. First, excessive 
dosage predisposes to aspiration as exemplified in 
reports of adult victims of oil pneumonia whose 
habit it had been to give themselves daily nasal 
douches of medicinal paraffin as in the third case 
reported by Davis (1936). Secondly the position of 
the head at the time of instillation or spraying may 
play a part, Griesman (1944) having shown in 
experimental studies that the danger is greatest if 
the head is extended. Thirdly, factors described 
below which tend to increase the chance of aspiration 
of oils administered by mouth probably play a 
similar role in the case of nose drops or sprays. 
That oil given by mouth should enter the lungs 
seems hard to credit, but there are now many reports 
of the finding of exogenous oil pneumonia in patients 
to whom the oil had been administered orally. 

The victims can be considered in two categories. 
A large minority of the reported cases have occurred 
in infants; the remainder have occurred in 
individuals who have been suffering from chronic 
immobilizing diseases such as hemiplegia or 
rheumatoid arthritis involving prolonged decubitus 
and constipation, or who have had local or neuro- 
genic diseases which have resulted in dysphagia. 
Because of the nature of the predisposing diseases 
most of this latter group of patients have been 
middle-aged or elderly, although cases in children 
and young adults have been reported. 


In the cases of oil aspiration pneumonia in infants 
the oil involved has been in the great majority of 
cases medicinal paraffin given nasally or orally, or 
cod liver oil by mouth. (In the remainder milk fat, 
or egg yolk, have been incriminated, but proof of the 
presence of these food fats in the lungs is very 
difficult to obtain.) 

It is not easy to judge from the literature the 
relative dangers of nasal or oral administration of 
medicinal paraffin to infants. In many cases both 
routes have been involved and in many others it is 
not clearly stated that the oil was given only by the 
one or the other route. However, it is clear, both 
from the cases of paraffin pneumonia like our own 
in which nose drops were not used, and from the 
frequently reported cases of cod liver oil pneumonia, 
that oral administration alone may result in 
aspiration. 

It is aetiologically significant that practically none 
of the affected infants was in good health before the 
administration of oil. The morbid conditions most 
frequently found were chronic upper respiratory 
infections with nasal obstruction and chronic 
feeding difficulties associated with vomiting or 
malnutrition. But, in addition, a large proportion 
of the infants were also the victims of congenital 
disorders, either interfering directly with deglution, 
as for instance in cases of cleft palate, or resulting 
in relative immobility or debility. Congenital 
cerebral palsy, mongolism, meningocele, and con- 
genital heart disease are amongst some of the 
associated conditions. 

The danger of inhalation pneumonia in premature 
infants is widely recognized. It is therefore not 
surprising to find recorded cases of fatal aspiration 
pneumonia in premature infants, in the causation 
of which the aspiration of cod liver oil or medicinal 
paraffin appears to have played a major role. 
Frequently the infants have resisted the administra- 
tion of the oil and choking has resulted. 

In one case (Monfort, 1939), a 7-weeks-old child 
in good health was forcibly given mineral oil whilst 
crying, immediately developing dyspnoea and a 
severe barking cough. A_ radiograph showed 
extensive bilateral hilar infiltration. In a case 
described by Cannon (1935) a 5-month-old boy was 


found at necropsy to have the typical features of 


lipoid pneumonia with secondary lung abscesses 
containing mixed organisms. He had developed a 
cough shortly after the first administration of cod 
liver oil at the age of 1 month, the dose being given 
whilst the child lay on his back. Subsequent doses 
were resisted and the oil was forced on him while 
his nose was held. 

One may mention the theoretical possibility that 
paraffin oil might reach the lungs not by aspiration 
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but via the intestine and blood stream. Frazer, 
Schulman, and Stewart (1944) have shown that 
finely dispersed paraffin emulsion may be absorbed 
from the rat’s intestine in particulate form, but they 
emphasize that such an emulsion does not normally 
occur when paraffin is administered to man. ff, 
however, this were the case, the oil particles would 
pass via the lacteals and thoracic duct into the 
venous system and thence to the right heart and 
lungs. 

Policard (1941) in a paper which does not give 
experimental results in detail, states that if oil is 
injected intraperitoneally in rabbits and guinea-pigs, 
it rapidly finds its way to the lungs, where it produces 
an ‘ alveolitis ’ indistinguishable from that of lipoid 
pneumonia. 

Busquet and Vischniac (1921) injected olive oil 
into the saphenous veins of dogs and concluded by 
chemical examination that the greater part of the 
injected oil came to rest in the lungs within a short 
period. To obviate the possibility that the oil might 
be arrested simply at the first capillary filter, they 
repeated the experiment injecting the oil into the 
portal vein and again found a much higher percentage 
in the lungs than in the liver. 

The chain of evidence for the theory of intestinal 
absorption is indeed tenuous. Evidence in favour 
of the aspiration theory is provided by the fact that 
the oil in the lungs usually shows the foreign body 
type of distribution. Goodwin (1934) points out 
that in the reported cases in infants the right lung 
is affected more than the left, the upper lobes more 
than the lower, and the posterior segments more 
than the anterior. A foreign body distribution was 
also observed by Freiman, Engelberg, and Merrit 
(1940) in their review of a personal series of 47 cases 
of exogenous oil pneumonia in adults. In our case 
the oil was fairly evenly distributed throughout both 
lungs and in all lobes, but by analogy with other 
cases aspiration was almost certainly the mode of 
entry. 

The total weight of the wet lungs in our patient 
was 121 g. Of this a_ representative portion 
weighing 7 g. was extracted and from this 0-800 g. 
of paraffin was obtained. The whole lung must, 
therefore, have contained something of the order 
of 13-8 g. or 16 ml. of medicinal paraffin, that is to 
say, a littlke more than one day’s dose. This, 
combined with the fact that in some of the recorded 
cases oil has been administered on only a few 
occasions, e.g., Laughlen’s case III (1925). Pinker- 
ton’s case I (1927) suggests that the more normal 
prolonged dosage may simply increase the chances 
of occasional aspiration taking place rather than 
allowing a continual slow accumulation of oil in 
the -lungs. 
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Can oil aspiration pneumonia in itself cause 
death ? In most of the published reports in which 
full post-mortem details are given some additional 
infection seems to have immediately preceded death. 
A superimposed purulent pneumonia is the com- 
monest; meningitis, mastoiditis, and pyelonephritis 
are amongst the other conditions mentioned. It is 
obvious, however, that when the lungs are ‘ oil- 
logged ’ extensively as in the case described here, 
a very slight pulmonary infection will be sufficient 
to kill the child. 

Diagnosis and Treatment. In the great majority 
of reported cases, including ours, the diagnosis was 
not made in life. Proof of the diagnosis in an infant 
must be almost impossible to obtain before death, 
but the history of prolonged or excessive adniinis- 
tration of medicinal paraffin or cod liver oil to a 
debilitated infant or to one who actively resists 
dosing, should in the presence of symptoms or signs 
of pneumonia suggest this diagnosis. It has been 
pointed out by Pierson (1932) that radiographs may 
reveal much more extensive consolidation than the 
clinical examination would suggest, but the radio- 
graph of our case gave little idea of the extent of the 
infiltration as discovered at necropsy. Shadows 
shown radiographically tend to be maximal in the 
perihilar region, and, as Goodwin (1934) has shown, 
if the patient survives the normal lung appears to 
grow peripherally leaving the affected portions 
centrally, but it is characteristic that the radiological 
appearance changes very slowly. 

Biopsy recommended as a diagnostic measure in 
adults by Nathanson, Frenkel, and Jacobi (1943) is 
hardly applicable to infants. It is, of course, 
difficult to obtain sputum from an infant, especially 
in quantities large enough to allow identification 
of the oil and thus to exclude an endogenous lipoid 
pneumonia in which lipophages may sometimes be 
expectorated. 

The only possible treatment of the established 
condition is to stop the administration of the 
suspected oil and to guard against, and where 
necessary treat, secondary infections. 

Prophylaxis. (1) The dangers of medicinal 
paraffin nose drops probably outweigh any advant- 
ages they may have over aqueous preparations and 
should therefore not be used. (2) Oesophageal or 
gastric tubes, bronchoscopes, etc., should not be 
lubricated with medicinal paraffin. (3) Medicinal 
paraffin is administered so frequently by mouth 
without apparent harmful effects, that the danger 
of oil pneumonia in a healthy infant must be 
considered remote. However, its use is contra- 
indicated in infants who resist oil administration, 
who are suffering from dysphagia or cough, or who 
are debilitated as the result of illness or congenital 
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deformity. In such cases, if constipation cannot be 
corrected by dietary measures, aperients other than 
liquid paraffin should be used. (4) These warnings 
also apply to the administration of cod liver oil. 
In those circumstances it is preferable to administer 
synthetic vitamin concentrates of which prophylactic 
doses can be given in smaller volumes. 


Summary 


The history of the recognition of oil aspiration 
pneumonia is reviewed. 

A case of fatal paraffin pneumonia in an infant 
of 84 months is described from the clinical and 
pathological standpoints. 


The aetiology of the condition in infants and its 
prevention are discussed. 


Our thanks are due to Dr. Reginald Lightwood for 
permission to publish this case, and to him and to 
Professor W. D. Newcomb for their criticism and advice; 
to Professor R. T. Williams and Dr. D. V. Parke for 
their co-operation and assistance with the chemical 
investigation; to Mr. A. E. Beasley for the preparation 
of the histological sections; to Dr. P. N. Cardew for the 
photographs, and to Dr. K. W. Cross for his helpful 
suggestions. 
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During the period June, 1948, to August, 1949, 
an extensive epidemic of tinea capitis occurred in 
Newtownards, a municipal borough of some 12,000 
inhabitants, situated at the head of Strangford 
Lough in County Down and approximately eight 
miles east of Belfast. The town is essentially a 
market town serving the agricultural area of the 
Ards peninsula and as such is connected by good 
transport services to Belfast and the surrounding 
countryside. Subsequently it appeared that a single 
type, the normal or eugonic form of Microsporon 
audouini, was responsible for the outbreak in which 
as many as 368 children out of a population of some 
3,000 under the age of 17 years were infected. 
Certain features of the epidemic appeared worthy 
of detailed study and the present paper sets out the 
aspects of clinical and statistical interest. 

Studies of this type are usually handicapped by 
the absence of any information about the population 
from which the affected individuals are drawn. In 
the Newtownards epidemic, however, the infection 
was strictly localized to the town—all infected 
children were residents of Newtownards—and in 
fact 304 of the 368 infected children were attending 
one or other of five schools. Of the remaining 64 
children, between 30 and 40 had not yet begun to 
go to school and the remainder went elsewhere. 
Through the courtesy of the Medical Officer of 
Health for County Down the five school popula- 
tions, classified by age and sex, during the epidemic 
period, were made known to us. It has, therefore, 
been possible to make reasonably reliable compari- 
sons of the incidence of infection between schools, 
age groups, and sexes by means of attack rates 
based on the average populations exposed to risk 
(Table 1). 

Furthermore, it seems unlikely that many, if 
indeed any, of the infected children escaped 
examination, and it is reasonably certain that all 
the infected children attending school were detected. 
These facts, the abrupt onset of the outbreak and 


the finding that only one type of organism was 
incriminated, make the case histories collected 
particularly suitable for scientific analysis. 


TABLE 1 


ESTIMATED AVERAGE SCHOOL POPULATIONS 
PERIOD OF OUTBREAK BY AGE AND SEX 


DURING 











School 
Age in 
years A 7 € D E_ Total 
Boys: 

-- 37 24 35 26 14 136 

6— 50 33 58 54 27 += 222 

8— 40 23 51 46 17 177 

10— 9 26 48 69 20 172 

12++ a 20 55 87 16 178 








Total .. 136 | 126 | 247 282 94 885 
Girls: 





4-- 36 24 42 24 18 144 


é— a4 25 50 42 22 | 183 
s— 36 39 47 63 25 210 
10— 9 26 41 70 21 167 
12+ _ 18 50 73 | 24 = 165 








Total 125 | 132 | 230 272 | 110 | 869 





Course and Control of the Epidemic 


In retrospect it is known that the first case of 
tinea capitis in the outbreak occurred when a boy 
of 16 was infected. This boy had recently attended 
school, but had left when the infection was detected. 
Tinea capitis, due to M. audouini, has been endemic 
in Belfast for the past 20 years, and although no 
contact with a known Belfast patient was discovered, 
the most likely source of infection would seem to 
be an undetected Belfast case. In passing it is of 
interest to note that when, in 1941, a large number 
of Belfast children were evacuated to the New- 
townards area, no cases of tinea capitis were 
subsequently reported in that area. 
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All children were seen in the first instance at a 
makeshift ‘ ringworm clinic’ set up at first in the 
local welfare clinic and later in an old decontamina- 
tion hut in the town. Subsequently examinations 
were carried out in the schools by nurses using 
portable Wood’s lamps and all schools were visited 
five times. Mass x-ray epilation was initiated in 
April, 1949, at the Royal Belfast Hospital for Sick 
Children, the infected children being transported to 
the hospital from Newtownards in groups of four 
or five twice daily. The details of the administration 
were materially the same as those advocated by 
Lewis, Silvers, Cipollaro, Muskatblit, and Mitchell 
(1944). 

In order to obtain some indication of the rate at 
which the infection spread through the town, an 
estimate was made, for each patient, of the probable 
date of onset. Although in some cases this could be 
little more than an intelligent guess and in all cases 
could be only approximate, the estimated monthly 
distribution of fresh infections (Table 2 and Fig. 1) 
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gives a definite pattern. After the initial cases of 
June, 1948, a steady increase in the monthly number 
of new infections was observed until after the 
summer school vacation and from October, 1948, 
until April, 1949, with the exception of February, 
the diagram assumes a plateau-like appearance 
approximately the same number of fresh infections 
occurring each month. In the exceptional month 
of February, 1949, it is estimated that there were 
65 new patients, and this figure when compared with 
the lower level of 39 and 37 new infections in the 
months immediately before and after, can be 
explained by the introduction at the end of February 
of routine Wood’s lamp examinations in the schools. 
After drastic measures to control the spread of infec- 
tion had been taken and mass x-ray epilation begun, 
the number of fresh cases estimated for each month 
rapidly decreased and the last known patient was in- 
fected in August, 1949. Thereafter no new cases were 
discovered, alhough routine school examinations 
with Wood’s lamps continued until October, 1949. 
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Fic. 1.—Distribution of patients by estimated month of onset. 








AN OUTBREAK OF TINEA CAPITIS 


TABLE 2 
ESTIMATED MONTH OF ONSET 











Month | No. of Patients 
1948: June a “a 5 
July 7 
August : 17 
September 24 
October .. 42 
November 43 
December 40 
1949: January : 39 
February .. 65 
March 37 
April 34 
May 11 
June 1 
July - 
August 3 
Total 368 








The Responsible Organism 

Owing to administrative difficulties no routine 
cultures were made until the introduction of mass 
x-ray epilation in April, 1949. Thereafter specimens 
were taken as a routine procedure at the time of 
treatment and were cultured at the Department of 
Medical Mycology of the London School of Hygiene 
and Tropical Medicine (Walker, 1950). This 
cooperation was of inestimable value, since by 
knowing the organism responsible we have been able 
to draw definite conclusions regarding the mycology 
of the epidemic. 
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Of the 368 infected children, 278 were submitted 
to x-ray epilation and from all but 12 of these 
specimens of hair were obtained from which 
cultures were made. In 252 of the 266 cultures 
M. audouini was grown; in the remaining 14 no 
pathogen was isolated. A further 14 cultures were 
made from hairs of non-epilated children and in 
each case a positive M. audouini result was obtained. 
Although it might be argued that Microsporon canis, 
which is well known to eradicate itself spontaneously 
within a short time (Lewis, 1935), might have been 
cultured from some of the 88 children from whom 
specimens were not obtained, this seems to be 
unlikely for the following reasons. (1) Every 
positive culture obtained (252 out of 266 made from 
epilated children and all 14 made from non-epilated 
children) resulted in the isolation of M. audouini. 
No other fungus was grown. (2) No small spore 
ringworm was known in the area before June, 1948, 
although a skin clinic has been functioning in the 
local hospital for many years. (3) The selection of 
cases for culture was, apart from 14 instances, 
entirely dependent upon attendance for x-ray 
epilation, and while this did not result in a random 
sample of the entire 368 cases, it did result in every 
case which was seen after April, 1949, contributing 
a specimen for culture, except for those few patients 
who were not epilated because they were obviously 
clearing spontaneously. (4) In the non-epilated 
group of 90 children, 25 were members of families 
in which infected siblings had provided specimens 
from which positive M. audouini cultures had been 
made. (5) If M. canis infections did occur in the 


TABLE 3 


AVERAGE INCIDENCE RATES BY SCHOOL AGE AND SEX 
































School 
mn eS se i 7 | Other Schools ; 
Age in A B D E Total or not at Grand 
years School Totals 
B G B G sieistietsi«ets G B Gis}c6c 
. Number of children attacked ' 
- - ~ - - - ~ - - - - 1 1 1 
2 - ~ - - _ _ ~ ~_ _ _ 17 4 17 4 
4 6 2 2 1 1 - 10 2 1 1 20 6 15 6 35 12 
6 15 6 13 2 6 1 23 11 7 4 64 24 8 3 72 27 
8 11 1 11 3 9 3 17 4 8 2 56 13 3 2 59 15 
10 2 - 5 1 7 3 21 9 8 1 43 14 1 —- | 44 14 
12 _ ) 2 13 - 32 a 4 2 58 6 2 1 60 7 
Total 34 9 40 9 >.) F 103 28 28 10 | 241 63 47 17 . 288 80 
— SS seins ———_|——_ — a 
Average incidence rate % 
4 16-2 5-6 8-3 4-2 2:9 - 38-5 8-3 7: 5-6 14-7 4-2 
6 30-0 13-6 39-4 8-0 10-3 2-0 42-6 26-2 25°9 18-2 28-8 13-1 
8 27:5 2-8 47-8 7-7 17-6 6:4 37-0 6-3 47-1 8-0 31-6 6:2 
10 22-2 - 19-2 3-8 14-6 7-3 30-4 12-9 40-0 4°8 25-0 8-4 
12+ - 45-0 11-1 23-6 | - 36°8 2:7 25-0 8-3 32-6 3-6 
Total | 25-0 7:2 31-7 6°8 | 14-6 3-0 36:5 10-3 29-8 9-1 | 27-2 7-2 
B=boys 


G = girls 
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epidemic area, then they did so before the intro- 
duction of mass x-ray epilation and among persons 
who were spontaneously cured during the pre- 
epilation period. It seems most unlikely that this 
could have occurred, particularly when it is 


remembered that the 14 non-epilated children from 
whom specimens were obtained were all infected 
with M. audouini. Furthermore, since every case of 
tinea capitis seen gave typically green fluorescence 
under the Wood’s light we feel that we can 
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Fic. 2.—Average incidence for boys by age and school. 
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incriminate M. audouini as the sole cause of the 
epidemic. 


Age and Sex Incidence 


Table 3 shows the distribution of the 368 infected 
children according to their age, sex, and school 
attended. (For the purposes of this paper we have 
identified the schools by the letters A, B, C, D, 
and E.) For the five schools incidence rates based 
on the average populations (see Table 1) have been 
calculated for each sex and age group and these 
rates also appear in Table 3. For the purposes of 
the following comments on age and sex incidence 
of the infection the argument is limited to those 
children attending the five schools. 

A study of the table reveals the striking difference 
in the level of attack between the sexes. In each 
school and at each age group the attack rate 
amongst boys was consistently greater than that 
amongst girls. The consistency of this finding 
conclusively demonstrates the greater liability to 
infection of boys than girls, a fact which has been 
commented upon. elsewhere (Keddie, 1947 ; 
Schwartz, Peck, Botvinick, Leibovitz, and Frasier, 
1946; Miller, Lowenfish, and Beattie, 1946; Barlow, 
Chattaway, and Whewell, 1950). 

No consistent age trend in the rates was apparent 
even if our attention is confined to the experience 
among boys for which the numbers are sufficient 
to give a reasonable picture. In Fig. 2 the rates 
at different age groups in each boys’ school have 
been shown diagrammatically. Generally, it appears 
from this diagram, that the peak ages of attack 
occurred after the age of 6 and, in all but one school, 
under the age of 10 years. For all boys’ schools 
combined, the age group of maximum infection is 
by no means clearly defined and apart from the first 
age group, 4-5 years, when the rate was about 
15°, in all other age groups there was very little 
variation, the range being approximately 25-33 %. 


We have not been able to trace any other published 
data in which the infected population has been 
examined in relation to the population from which 
it is drawn. Thus, we cannot compare our age 
incidences with those obtained elsewhere. In 
Keddie’s (1947) series of 312 boys, about 11% were 
under 5, 49% between the ages of 5 and 11, and 
40% between the ages of 12 and 14. In our series 
just over 20% of the infected boys were above the 
age of 12, but the comparison is really meaningless 
without reference to the parent populations. 


Comparison between Schools 


It is clear from the crude rates that quite material 
differences existed in the incidence of infection in 
different schools. How much of that variation is 
due to the fact that the infection was spreading in 
small communities of different age and sex com- 
position is, however, not apparent from the crude 
data of Table 3. We can summarize the experience 
and at the same time eliminate the effects of 
populations whose ages are differently constituted 
on the comparison in the following way. If there 
were no differences in the incidence in different 
schools each school would have the same age and 
sex specific incidence rates as have been found for 
all schools combined. If then, for any one school 
we multiply the age specific rates for all schools 
combined by the population in the appropriate age 
group in that school, we shall obtain at each age 
group the number of infections which we should 
expect to find if there was no difference between the 
schools. The ratio of the total number of infections 
in any one school to the number so expected gives 
us a relative measure of the departure of observation 
from expectation based on a hypothesis of no 
* between school ” differences. We have made such 
calculations, for each sex separately, with the 
following results: 











Boys | Girls 
| 
School Observed Expected Observed / Observed Expected Observed 
Infections Infections Expected (%) Infections Infections Expected (%) 
A 34 34°8 98 9 10-3 88 
B 40 33-3 120 9 9-5 95 
.. 36 67-9 53 7 16-5 43 
D 103 79-5 130 28 18-9 148 
E 28 25-4 110 10 7°8 128 
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Thus, apart from differences due to differently 
constituted age distributions of the population it 
appears that the risk of infection both among boys 
and among girls was greatest in school D, where 
observation exceeded expectation relatively more 
than in any other school. At the other end of the 
scale the risk of infection appeared to be least 
among both boy and girl pupils at school C; for 
each sex this school had the lowest ratio of observed 
to expected infections. Moreover, there is fairly 
good agreement between the two sexes when the 
schools are arranged in numerical order of their 
ratios. For boys the order, from highest to lowest, 
is D, B, E, A and C; while for girls the order is the 
same except that schools B and E are interchanged. 

School D is the most recently built school of the 
five, and is a modern and well-equipped building; 
on the other hand the housing in the part of the 
town served by that school is unfortunately of a low 
standard. School A receives children only-up to 
the age of 11 after which they are transferred to 
school D; thus, while both schools usually have on 
their rolls members of common families, school A 
for the most part was known to have as pupils 
children of young parents. These parents are locally 
known for their enthusiastic cooperation in school 
health programmes; for example, the School 
Medical Officer has noted the more frequent 
attendance of parents at routine examinations at 
school A than at others. School C is considered 
locally as the best school in the town. Both boys 
and girls attend each school, and as a general rule 
the wearing of hats or caps is not compulsory. 
Thus, it is not surprising that the lowest incidence 
of infection was reported from school C, and the 
high incidence at school D also seems compatible 
with local impressions. 


Clinical Description 

From experience gained in Newtownards the 
clinical appearance of tinea capitis due to M. 
audouini has become clear. The reaction on the 
part of the host has been seen to vary from a kerion 
quite as severe as that which can be caused, for 
example, by Trichophyton discoides, to absolutely 
no reaction whatsoever. A few patients have been 
seen where the infection, in the absence of local 
treatment, has resulted in considerable and probably 
permanent scarring; others have been seen where, 
in spite of the most careful clinical examination, 
it has been impossible to localize the site of infection. 
In cases such as the latter, however, when examined 
by means of Wood’s light, large areas of the scalp 
fluoresced brilliant green and subsequently cultures 
proved to be positive. These two extremes of 
host-parasite relationship of gross antagonism and 


perfect equilibrium are not frequently observed; 
for example, in the 368 patients of the present series 
only six showed severe kerion reaction. 

All the intervening grades of inflammatory 
reaction were seen, but the most common reaction 
was that usually described as ‘ grey baldness ’. 
From the diagnostic point of view the most trouble- 
some cases are those which clinically present either 
no abnormality or only slight dandruff. Patients so 
affected act as carriers of infection for long periods, 
since the general practitioner, without the advantage 
of Wood’s light examination, is unlikely to detect 
such infected children, and indeed parents may be 
unaware that their child is infected. 

If patients with tinea capitis are observed over 
a period of months without treatment it can be seen 
that the tendency is eventually towards the develop- 
ment of host-parasite equilibrium; in other words, 
the inflammatory reaction is most severe at the 
beginning of the infection. At that stage the 
intrafollicular part of the hair alone may be 
fluorescent (seen after manual epilation), and during 
the initial:‘weeks the hair shafts remain intact. Ifthe 
fluorescent part extrudes from the hair follicle 
the tendency for the hairs to be broken becomes 
apparent, and it is then that partial baldness is seen 
clinically in those cases where it occurs. Later the 
hair tends to get longer though still infected, and in 
very long-standing cases, such baldness is not a 
clinical feature and the entire length of hair, even 
up to two inches, may show green fluorescence under 
Wood’s light. Clinically in cases at this stage the 
usual detectable abnormality is dandruff but there 
may be no clinical abnormality at all. In fact, old 
cases of M. audouini infections have often been seen 
in which a quarter to a half of the entire scalp was 
fluorescent and yet there was no baldness. 

The importance of dandruff as a clinical sign of 
infection is borne out by the case report of three 
members of a family—two boys aged 10 and 2 years 
and one girl aged 8 years—seen during the same 
period in Belfast. All were diagnosed as suffering 
from tinea capitis by their private doctor, and after 
treatment with iodine and Whitfield’s ointment all 
three were declared clear and the two eldest children 
returned to school. Nine months later these two 
children came up for routine Wood’s light examina- 
tion at their school and were found to be positive. 
The whole family was referred to the clinic. The 
oldest child appeared, on clinical inspection, to be 
perfectly normal, but under Wood’s light the entire 
scalp showed scattered small tufts of fluorescent 
hairs, some of which were a half-inch to an inch in 
length. The girl, clinically, revealed extensive 
dandruff over the top of the scalp but no sign of any 
alopecia. Without the aid of Wood’s light a 
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diagnosis of mild seborrhoeic dermatitis would 
certainly have been acceptable. Under Wood’s 
light, however, the appearance was astonishing; 
almost the entire top of the scalp was fluorescent. 
Hairs of an inch or more in length were fluorescent 
right to their extremities. The youngest child of the 
family also had slight dandruff but again under 
Wood’s light the entire top of the head was 
fluorescent. 


Site of Infection. Although in all case histories 
the infected parts of the scalp were charted, we do 
not present a detailed analysis of these records since 
each refers to different stages of the disease. 
Unfortunately it was not possible to record the 
original sites of infection, as was done by Kinnear 
and Rogers (1948), who found that 56% of their 
series of boys and 32% of their girls were initially 
infected on the occipital region, and that 65 % of the 
boys had the infection on the so-called ‘ clipper ’ 
area. For what it is worth our records show that 
82% of 214 boys and 64% of 56 girls, analysed from 
this point of view, had some infection on the 
occipital region at the time of examination. 


Wood's Light. In the early infections fluorescence 
under Wood’s light is of the most brilliant green, 
and as the infection becomes older so the brilliance 
diminishes until in very long-standing cases the 
fluorescence is of a dull blue colour. The number 
of infected hairs in any one area diminishes with 
the age of infection while the length of infected hairs 
increases. These factors greatly facilitate the 
estimation of the duration of an infection in any 
particular patient, and it has been our experience 
that estimates of duration of infection made in this 
way, when a child was seen a second time but before 
reference had been made to his or her original case 
note, were frequently remarkably accurate. The 
cycle mentioned above is, in our experience, com- 
parable with that which occurs in M. canis 
infections, except that in the latter it is much more 
rapid; in general it appears that a M. canis infection 
of some two to three months’ duration resembles 
under Wood’s light a M. audouini infection of about 
a year’s duration. However, there is nothing 
mathematically fixed about this, and by observing 
VM. audouini infected children at repeated intervals 
the process appears to occur at slightly different 
speeds, and our impression is that where the cycle 
is occurring relatively quickly spontaneous cure is 
to be expected. So it was that in Newtownards 
during the three to four week period when most of 
the x-ray epilations were carried out, and when a 
waiting list was desirable, we were able to leave 
many cases which we thought were undergoing 
spontaneous cure to the end of the list; in fact, we 


did find that many were cured spontaneously before 
their turn for epilation was reached. 


Spontaneous Cures 


Of the total 368 infected children, 90 were not 
submitted to x-ray epilation and of these all but 
three can be regarded, from the point of view of this 
analysis, as spontaneous cures. The details regard- 
ing these three children are as follows: 

Case 1. This is a boy whose parents consistently 
refused to permit epilation and who, at the time of 
writing, is still extensively affected with tinea capitis. 

Case 2. A girl, aged 9 years, was treated for one 
month with salicylanilide in pentaglycol by local 
applications and then was clear. In this case it is 
possible that the cure might be attributed to the prepara- 
tion used.* 

Case 3. A boy of 3 years was treated for four months 
in the same way as Case 2 but without any apparent 
effect. The condition was finally eradicated by manual 
epilation.* 

The remaining 87 cases had no specified treatment 
because routine manual epilation was not carried out 
in the early stages owing to the pressure of examin- 
ations at the clinic. We do know, however, that in 
several cases various home remedies were applied 
—boot polish, butter and treacle, washing soda, and 
so on. Their use was actively discouraged and on no 
occasion was a reaction of contact dermatitis type 
seen. In several cases patients were treated by 
their family doctors with such preparations as 
Whitfield’s ointment locally and testosterone intern- 
ally. Our impression is that such treatments did 
little or nothing towards effecting a cure, but again 
this is, and can only be, an impression. 

Various incidence rates of spontaneous cure 
appear in the literature. Thus, Lewis, Hopper, and 
Reiss (1946) state that 


‘The tendency of approximately 10% of the 
patients to spontaneous recovery and consequent 
success with the use of local remedies alone is 
reflected in the 32 patients who were so cured in an 
average time of six to eight weeks.’ 


Livingood and Pillsbury (1941) who followed up 
125 cases of M. audouini tinea capitis, mainly in 
‘coloured children, found 20 (16%) with evidence of 
inflammation before or following local treatment 
and 14 of these became cured without x-ray epila- 
tion. And of 105 cases of non-inflammatory 
M. audouini infection of the scalp 28 (27%) cured 
spontaneously in periods varying from three months 
to two years. Shaffer in a discussion of a paper by 
Wilson (1949) directs attention to a random sample 


* These were the only two Newtownards patients treated with 
salicylanilide preparations. It is proposed to report our experience 
with such preparations in the treatment of Belfast patients at a later 
date. 
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drawn from 7,000 untreated cases in Detroit, in 
which 70% were spontaneously cured within three 
years. Shaffer comments upon the absence of any 
difference in the rate of cure for young children 
and those nearing puberty. Epstein (1938) demon- 
strated attenuation of the dermatophyte Trichophyton 
gypseum by repeated passages from animal to 
animal. Subsequent inoculations produced abortive 
lesions or even failed to infect the animal. Though 
M. audouini is not a parasite of lower animals yet 
this same explanation may account for the high 
incidence of spontaneous cures observed by us, and, 
over a longer period, by Shaffer, since we were both 
dealing with M. audouini in epidemic form. 

Unfortunately the present series of 87 ‘ spon- 
taneous cures’ cannot be legitimately considered 
as a representative sample of all the spontaneous 
cures which might have occurred in the New- 
townards epidemic if mass x-ray epilation had not 
been introduced. Several of the epilated children 
appeared to contract the infection early in the 
epidemic, and any attempt to estimate the average 
duration of infection among spontaneously cured 
children is bound to be an understatement. Since 
the period of infection in any single case can only 
be obtained from the estimated date of onset and 
the date when first negative to Wood’s light, we feel 
that the data would be too approximate to attempt 
any refined statistical technique aimed at calculating 
the probability of spontaneous cure in specified 
periods. At the most, therefore, it seems that if 
we are prepared to ignore home treatments and the 
like, the data suggest that within the maximum 
period of 15 months the incidence of spontaneous 
cure must be somewhat higher than the proportion 
of spontaneous cures observed by us, namely, 87 out 
of 368, ie., 24%. It is of interest to note that we 
observed a patient, a boy of 16 years, whose 
infection was almost certainly cleared by the 
development of puberty. However, it is unlikely 
that such an explanation could be true of many of 
the spontaneous cures, since of the total 87 as many 
as 61 were below the age of 12 years. 

Livingood and Pillsbury (1941) noted that the 
chance of spontaneous cure was greatly increased 
if inflammation occurred, but even in cases in which 
no inflammation occurred many M. audouini 
infections did become spontaneously cured. These 
authors observed concomitant non-inflammatory 
M. audouini infections of the scalp in five sets of 
brothers in which infection of one brother in each 
pair became cured after persistent local treatment, 
while that of the other did not. We, too, have 
frequently seen spontaneous cures among some 
members of a family when epilation has been 

necessary for others. One assumes that the 
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organism in such families is the same and that there 
are no different strains in such cases. In this 
context the observation of tinea capitis in like twins, 
though not of this series, is of particular interest. 

Both girls were seen in Belfast on February 21, 
1949, for the first time; at that date they were 
aged 44 years. Both were extensively affected with 
non-inflammatory, brilliantly fluorescent tinea 
capitis. The mother’s story indicated that the 
onset of infection had occurred some three months 
earlier. When cultures were made from hair 
specimens no pathogen was isolated in the case of 
one twin, A, and a positive M. audouini was obtained 
from the other, B. X-ray epilation was ordered 
for B and salicylanilide in carbowax for A; but 
both children defaulted. The mother was repeatedly 
written to and asked to attend the clinic, and the 
family were eventually seen again on November 9, 
1949, some nine months after their first visit. The 
mother stated that she had applied the ointment 
to A’s head repeatedly but she had done nothing 
for B. On examination under Wood’s light it was 
found that B, from whose hair the original positive 
culture had been made, was free from infection; 
on the other hand, A, who had the original negative 
culture, was still infected. The opportunity was 
taken to have a new culture grown from the hair 
of A and on this occasion a positive M. audouini 
growth resulted. She was eventually successfully 
treated by x-ray epilation. 

Here, then, is a very striking example of two 
children so alike in appearance that an outsider 
could not have distinguished one from the other, 
one of whom cleared without any treatment what- 
soever while the other remained grossly infected 
after a period of at least nine and probably 12 
months. It was noted when the twins attended the 
clinic on the second visit that each was wearing 
exactly the same kind of clothing and the mother 
was seen to replace their hats after our examination 
without any apparent thought. On direct question- 
ing she admitted that she never made any attempt at 
any time to distinguish the clothing of the two 
children. Thus, hats, combs, pillowcases, hair clips, 
etc., were used without regard to the fact that one 
child was infected while the other was not. So for 
a period of some months the child we have called B 
was repeatedly exposed to infection and her 
spontaneous cure had apparently been followed by 
a very considerable immunity. 

Again, like Barlow, Chattaway, and Whewell 
(1950) we would stress that to the clinician the most 
important sign of tinea capitis in a child is dandruff 
and not alopecia and that consequently Wood’s 
light is absolutely essential for the diagnosis of the 
condition. The case report of the family of three 
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children mentioned earlier is a striking example of 
the value of Wood’s light. For our part, we do not 
agree with those who would rely entirely upon the 
microscopical examination of suspicious hair stumps 
since we have frequently seen cases where clinically 
no such hair stumps were visible. 


Reinfections 


Only one case in our series could be considered 
as a reinfection. In the first instance the boy 
concerned was successfully epilated by x-ray; he 
was examined and found free of infection. He 
went back to school, but was detected a month later 
with two patches of circinate erythema and within 
these patches numerous fluorescent stumps were 
found. These patches were not on the sites originally 
affected and the second infection was cleared by 
extensive manual epilation. 


Summary 


An outbreak of tinea capitis in Newtownards, 
County Down, between June, 1948, and August, 
1949, is described. During those 15 months, 368 
children under the age of 17 were affected, an 
incidence rate in the population at the same ages 
of about 12%. 

The age and sex incidence rates have been 
calculated for the pupils of five schools, which 
accounted for 304 of the patients. Boys were 
consistently more liable to infection than girls; 
27:2°%% of the male school population was infected 
compared with 7-2% of the corresponding female 
population. There was no apparent association 
between age and incidence of infection. 


The different levels of incidence of infection 
experienced by the five different school com- 
munities suggest that the epidemic was more severe 
in some parts of the town than in others. 

The organism responsible for the outbreak was 
M. audouini, and no other fungus was grown from 
280 cultures made during the course of the outbreak. 

A clinical description of the infection has been 
given and the value of Wood’s light in the detection 
of infected children is emphasized. 


We are indebted to Mrs. J. Walker of the Department 
of Medical Mycology in the London School of Hygiene 
and Tropical Medicine for carrying out the culture work. 
Other information and help was given by Professor 
F. M. B. Allen, Drs. Ivan H. McCaw, Reginald Hall, 
Douglas Boyd, J. B. McKinney and John Scott, and by 
Mr. J. D. Merrett. 
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CONGENITAL HEMIHYPERTROPHY WITH 
LYMPHANGIOMA 
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Congenital hemihypertrophy is a condition in 
which the whole of one side of the body is increased 
in size from birth. In a complete review of the 
subject Ward and Lerner (1947) state that more 
than 100 cases have been described since the first 
description was recorded by Wagner in 1839. 

The incidence of the condition is difficult to 
assess. Males, according to Gesell (1927), are more 
commonly affected than females. Hypertrophy has 
been described in a 10 mm. embryo, but its early 
recognition depends upon the observer’s awareness 
of the existence of such an entity. In some cases 
malformation is not noticed until after puberty. 

Various theories on the aetiology have been put 
forward. The hormonal theories, which postulate 
an abnormal function of the ductless glands, are 
difficult to reconcile with the one-sided nature of the 
condition, and in all but one of the post-mortem 
reports the endocrine glands have been found to be 
normal. The single exception is that of Hutchison 
(1915-16), who described enlarged adrenal glands 
on the involved side. 

Rugel (1946) mentions that hemihypertrophy is in 
some way associated with ‘ an embryonic defect of 
the vegetative nervous system,” and that the hyper- 
trophy is caused by an excess of the trophic function 
of the nervous system. Rugel’s case revealed 
hypertrophy of both cerebral hemispheres, but 
Gesell (1921) describes three cases in which there 
was an enlargement of the cerebral hemisphere on 
the same side as the somatic enlargement. 

According to Sheldon (1946) generalized dilatation 
of the lymph spaces of the whole of one side of the 
body is a cause of hemihypertrophy, and the patchy, 
bluish appearance of the skin in some of the cases 
indicates a mixture of naevoid and lymphangiectatic 
states. 

Pressure upon the developing ovum or foetus, or 
lesions of the central nervous system, would be 
expected to produce hemiatrophy rather than 
hemihypertrophy. 

Congenital syphilis and neurofibromatosis have 


also been suggested as causes of hemihypertrophy, 
but definite evidence is lacking. 

Reed (1925) reports the occurrence of hemi- 
hypertrophy in a brother and sister, and Scott (1935) 
its appearance in a mother and daughter. No 
further evidence of heredity as an aetiological factor 
is to be found. 


Clinical Features 


It is stated by Ward and Lerner (1947) that mental 
deficiency occurs in about 20°%% of these cases, and 
may often draw attention to the abnormality. 
Gross asymmetry is usually obvious, and the 
subcutaneous tissue appears to be thickened. Hair 
growth is greater, and the pupil is larger, on the 
affected side of the head. Various postural defects 
may result from the hypertrophy: Hench, Wake- 
field, and Camp (1932) describe the development of 
postural sciatica. The right. side of the body is 
more frequently affected than the left. 

More than half the cases show other abnor- 
malities in addition to hypertrophy. Abnormal 
nail growth, premature eruption of teeth, clubbed 
feet, congenital heart disease, polydactylism, super- 
numerary nipples, syndactylism, and excessive 
secretion of sweat and sebaceous glands, have all 
been recorded. 


Case Report 


A girl, aged 6 years, was brought to the clinic, her 
mother being anxious to know whether there was any 
risk attached to the extraction of the child’s teeth, which 
were found to be carious. The patient was an only child, 
born at full term by breech delivery with forceps on the 
head. The birth weight was 11 Ib. 9 oz. There was a 
slight superficial injury to the left side of the neck. It 
was noticed at birth that the child’s right side was larger 
than her left. The maternal milk supply became 
inadequate after the third week, and the infant was then 
fed on National dried milk up to the age of 10 months, 
when mixed feeding was instituted. 

Teething started in the right lower jaw at 4 months, 
and at 7 months, when teeth first appeared in the left 
jaw, she had already seven teeth on the right. She sat 
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Fic. 1.—Full length photograph to show asymmetry of 

the body, the face, and the difference in size between 

right and left limbs, and the cleft between the enlarged 
left first and second toes. 


Fic. 2.—Photograph to show asymmetry of face. 


Fic. 3.—Photograph to show enlargement of right half 
of tongue and hypertrophy of the papillae. 
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Fic. 4.—Radiograph of chest showing increase in size 
of soft tissue shadow on the right side. 





Fic. 5.—Radiograph of right and left writst to show 

enlargement of right ulna, carpal and metacarpal bones, 

and the presence of a centre of ossification for the right 
trapezium. 


up unsupported at 9 months, and started to walk at 
3 years of age. She had whooping cough at the age of 
9 months, and measles when 6 years old. 

FamiLy History. Her mother had an uneventful 
pregnancy, and has always been healthy. Her father 
has been healthy, and there is no history of abnormality 
on either side. 

CLINICAL EXAMINATION. A pleasant child, she was of 
normal height, but one half of her body showed a 
marked asymmetry. The whole of her right side was 
enlarged (Fig. 1). This enlargement involved the soft 
tissues of the face, the tongue, gums, arm, thorax, 
abdomen, and leg. 

It was especially noticed that no change in character 
could be distinguished between the hair on the right and 
left sides of the head. The pupils were equal. The left 
first and second toes showed some hypertrophy of the 
soft tissues (Fig. 1). 

Over the left loin there was a soft, compressible, 
diffuse, pyriform swelling with its apex at the twelfth 
dorsal spine, extending down towards the gluteal region. 
Its inner margin was the midline, and its lower margin 
the posterior third of the iliac crest. 

The child’s intelligence was below standard. There 
was no evidence, however, of a central nervous lesion. 
Clinical examination showed that the tonsils and pharynx 
were normal. The primary teeth and the six-year-old 
molars were ali carious. The chest and heart were 


normal. No mass or organ enlargement was palpable 
in the abdomen. 
INVESTIGATIONS. Haemoglobin was 80%, and red cell 


count was 4,300,000 per c.mm. of blood. The white 
cell count was 6,000 per c.mm. of blood. Bleeding time 
was 1 minute 30 seconds, and the coagulation time 
2 minutes 10 seconds. Urine examination revealed no 
abnormality. The electrocardiographic records were 
normal. 

A series of radiographs was taken: the skull showed 
an increase of digital markings, but the pituitary fossa 
was normal and there was no bony enlargement on 
the right side. 

No bony abnormality appeared in the chest, but the 
thickness of the soft tissue shadow was markedly 
increased on the right side (Fig. 4). Radiographs 
revealed that the right ulna, carpal, and metacarpal 
bones were larger than those of the left arm. The 
centre of ossification for the trapezium was present 
in the right, but absent from the left carpus (Fig. 5). 

The leg bones showed no abnormality, but the 
thickness of the soft tissue shadow of the right leg was 
considerably greater than that of the left. 

Various measurements are given in Tables 1-3. 


Discussion 

This case showed a right-sided hemihypertrophy 
which, with the exception of the right ulna, carpal 
and metacarpal bones, appeared to involve only the 
lymphatic elements. The soft compressible nature 
of the hypertrophy was particularly noticeable. 
Congenital dilatation of lymph spaces occurs in a 
localized form, as in cystic hygroma of the neck. In 
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TABLE 1 
ARM MEASUREMENTS 























Right Left 
(in.) (in.) 
From acromial angle to external 
epicondyle 83 8 
From acromial angle to tip of radial 
styloid ie af 5 14 
Circumference of forearm " ms 8 6 
Circumference of arm 8 6 
TABLE 2 
LEG MEASUREMENTS 
Right Left 
(in.) (in.) 
From anterior superior iliac spine 
to internal malleolus a Ae 233 234 
Circumference of thigh - 14 13 
Circumference of leg a os 10 9 
TABLE 3 
MISCELLANEOUS MEASUREMENTS 
Total height 45 in 
Circumference of skull (occipito- -frontal) 20? ,, 
Circumference of chest at nipple line in inspira- 
tion ; = 5, 
Right chest (measured from mid-line anteriorly 
to midline posteriorly) i om 


Left chest (measured from mid-line posteriorly 


to mid-line anteriorly) 





a generalized form it occurs as lymphangiectasis, 
involving one or more limbs or the tongue. The 
interest of this particular case lay in the exhibition 
of a complete hemi-lymphangiectasis, including 
hemi-macroglossia (Fig. 3), associated with a large 
lymphangioma on the back. 

Another point of interest was whether the bones 
of the right hand were merely larger than those on 
the left, or whether the bone age was slightly 
advanced on the right. It is noteworthy that with 
the exception of the left first and second toes, the 
hypertrophy was confined to the right side. 


Summary 


A case of hemihypertrophy is reported in a girl 
of 6 years, with notes on theories of aetiology and 
clinical features. 


My thanks are due to Dr. Gwyn Griffith, under whose 
care the child was admitted, and to Mr. Hammond for 
the photographs. 
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CONGENITAL OBSTRUCTION OF THE POSTERIOR 
URETHRA 


BY 


J. WAINWRIGHT 
From the Department of Pathology, Victoria University of Manchester 


(RECEIVED FOR PUBLICATION May 1, 1950) 


Numerous cases of congenital obstruction of the 
urethra are reported in the literature. The more 
frequent causes are posterior urethral valves, 
urethral bar, hypertrophy of the verumontanum, 
and contracture of the internal sphincter (Thompson, 
1942; Fagerstrom, 1937). Less common defects 
include diverticulum and atresia of the urethra, and 
cysts of the urethral glands. 

The following is a rare cause of congenital 
obstruction of the urethra. 


Case Report 


A boy aged 2 months was admitted to the Duchess of 
York Hospital, Manchester, with acute retention of 
urine. The bladder was found to reach the umbilicus 
and 8 oz. of urine were obtained by catheterization. 





Fic. 1.—Photograph showing cyst lying behind the 
distended bladder. A marker (black) is inserted into the 
urethral opening in the cyst. 
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Subsequently cystoscopy was performed under general 
anaesthesia, but the child collapsed and died. No 


history of previous urinary disturbance was noted. 


Necropsy. The bladder was distended and hyper- 
trophied, and there was early hydronephrosis with 
bilateral hydro-ureters. The urethra was opened on the 
anterior surface and no urethral valves were seen. The 


posterior urethra appeared pushed forwards, and there. 


was a Slit-like orifice on the summit of the verumontanum. 
This admitted a small probe and led obliquely upwards 
and backwards. In the midline between the bladder and 
rectum was a thick-walled cyst, 4 cm. in diameter (Fig. 1), 
containing turbid yellow fluid which was easily expressed 


into the urethra (Fig. 2) through the opening on the 


verumontanum. The lining of the cavity was smooth. 
The vasa deferentia and seminal vesicles were fused with 
the outer wall. There were no significant findings in 
other organs. 

HistoLoGy. The cyst wall was formed by smooth 
muscle with a narrow inner fibrous zone, and an 
ill-defined layer of flattened epithelial cells. There was 
an acute inflammatory reaction. The kidneys showed an 
acute pyelonephritis with thrombosis of numerous small 
veins. 


Discussion 


The cyst was in the position of the prostatic 
utricle which opens by a slit-like orifice on the 
verumontanum and extends as a blind pouch for 
about } in. into the substance of the prostate. 
Embryologically this represents the fused caudal 
ends of the Miillerian ducts, from which the uterus 
and vagina develop. 

The hypertrophy of the bladder wall indicated a 


chronic obstruction even though no history of 


difficulty in micturition was elicited. Final acute 
retention was most probably due to the onset of an 
acute urinary tract infection. 

Young, Frontz, and Baldwin (1919) reviewed the 
literature and found two similar cases, one reported 
by Fuchs and the other by Tolmatschew. In 
Fuchs’ case, a 5- to 6-month foetus, a cavity, the 
size of a pigeon’s egg, was found lying behind the 
bladder, opening on to the verumontanum. The 
bladder was hypertrophied and dilated, and there 
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Fic. 2.—Anterior view showing dilated bladder with 
urethral orifice of the cyst. 


was bilateral hydro-ureter and hydronephrosis. 
The case reported by Tolmatschew (no history) had 
a thin-walled multilocular sac filled with urine lying 


behind the bladder and opening on the veru- 
montanum. The cavity was lined by prominent 
epithelium, which in the lower part resembled that 
of the vagina. Both these cases were associated 
with urethral valves. Englisch (1873) described 
cysts of the prostatic utricle a few millimetres in 
diameter in two small infants, but these were not 
of sufficient size to cause urethral obstruction. No 
other cases have been found in the recent literature. 


Summary 


A case is reported of acute retention in a 2-month- 
old boy. This was due to a large cyst lying between 
the bladder and the rectum, believed to be derived 
from the prostatic utricle. 


I wish to thank Mr. T. Moore, the Duchess of 
York Hospital for Babies, for permission to publish 
this case, Professor S. L. Baker for advice, and Mr. F. 
Ward for the photographs. 
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INTESTINAL PNEUMATOSIS IN INFANTS 


BY 


J. WAINWRIGHT 
From the Department of Pathology, Victoria University of Manchester 


(RECEIVED FOR PUBLICATION, NOVEMBER 14, 1950) 


Intestinal pneumatosis is a condition characterized 
by the presence of gas in cyst-like spaces in the 
intestinal wall, most commonly in the ileocolic 
region. About 200 cases have been reported in 
adults, and the literature has recently been reviewed 
by Friedmann (1949). According to Judge, Cassidy, 
and Rice (1949) only 30 cases have been described 
in infants, mostly in the American literature. 
Moore (1929) reported four cases in a series of 
260 necropsies on infants, and Judge et al. (1949) 
found 17 in 501 necropsies. 

Though few cases have been published, intestinal 
pneumatosis is by no means uncommon. The 
following six cases have been found in 240 con- 
secutive necropsies at the Duchess of York Hospital 
for Babies, Manchester, and all were associated with 
severe diarrhoea (Table 1). 

The intestine presents a characteristic appearance 
with irregular small vesicles, chiefly in the sub- 
mucosa, although present beneath the peritoneum 
(Figs. 1 and 2). As suggested by Lindsay, Rice, and 
Selinger (1940), the thickened intestine resembles 
‘sponge rubber ’, and if firmly held in the fingers 
gives the typical feeling of surgical emphysema. 
The cysts contain gas and no fluid. Microscopically 
they have no cellular lining, though occasional 


flattened cells, probably of connective tissue type, 
are seen in the wall. In none of these cases was 
there any inflammatory lesion around the cysts and 
no organisms could be demonstrated histologic- 
ally. 

Discussion 

Intestinal pneumatosis in infants appears to be 
invariably associated with conditions leading to 
increased peristaltic activity. There is usually a 
severe enterocolitis and in most cases ulceration of 
the mucosa. In the series reported by Judge ef al. 
(1949) 13 of 17 cases showed ulcerative lesions, and 
the remainder acute ileocolitis. In the present 
group four out of six showed ulceration of the 
mucosa, visible to the naked eye. The absence of 
an ulcerative inflammatory process probably 
accounts for its rarity with congenital pyloric 
stenosis. 

The absence of a marked inflammatory reaction, 
the failure in all the reported cases to demonstrate 
pathogenic organisms bacteriologically or in stained 
sections, and the absence of vesicles in the muscular 
coat is strong evidence that the condition is not of 
bacterial origin. Moore (1929) described occasional 
giant cells around the cysts, indicating a mild 
chronic inflammatory reaction. One can exclude 


TABLE | 
SIx CASES OF INTESTINAL PNEUMATOSIS OCCURRING IN 240 CONSECUTIVE NECROPSIES ON INFANTS 





Duration of 


| 




















Case Sex Age Diarrhoea Site of Pneumatosis Intestine 

No. (weeks) 
1 F. 44 months 3 Ascending and transverse colon Haemorrhagic mucosa 
2 M. 3 months Ascending colon Ulceration . 
3 M._ 8 weeks 2 Ileum (patchy) " Ulceration 
4 M. 7 months 3 Terminal ileum Haemorrhagic mucosa 
5 M._ 8 weeks 4 Ileum, ascending and transverse colon | Ulceration a 
6 F. 7 weeks 2 Ascending and transverse colon , Ulceration 
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FiG. 1.—Section of colon (Case 6) showing 
irregular cyst-like spaces in submucosa. X 15. 
Haematoxylin and eosin. 


Fic. 2.—Colon (Case 6) showing vesicular 
appearance of mucosa. The arrow indicates 
minute deep ulcer with zone of hyperaemia. 
Air iniected into this ulcer passed into 
surrounding vesicles. x 2}. 


a post-mortem development, since the condition has 
been observed surgically in adults, and also in the 
colon of a rabbit killed as an experimental control. 

The most feasible explanation is that the cysts 








Fic. 1 


are produced mechanically, gas being forced into 
the submucosa by violent intestinal peristalsis and 
spasm through minute ulcerative lesions in the 
mucosa. The gas may then spread along the 
cellular planes in the bowel wall. In support of 
this explanation, air blown gently into a minute 
deep ulcer shown in Fig. 2 passed into the surround- 
ing vesicles. It would be expected that a few 
organisms would likewise gain access to the sub- 
mucosa, but these presumably are not sufficiently 
pathogenic to cause an acute inflammatory reaction. 
An identical appearance can be produced by 
injecting air with a hypodermic needle into the 
intestinal submucosa. The condition thus appears 
to be of the same nature as surgical emphysema in 
other parts of the body. There is evidence that the 
cysts may be rapidly reabsorbed (Friedmann, 1949). 


Summary 


Six cases of intestinal pneumatosis in infants are 
reported; the lesion is not uncommon. The relation- 
ship with severe diarrhoea and ulcerative enteroco- 
litis is emphasized. It is thought to be produced 
mechanically. 


I wish to thank the honorary medical staff of the 
Duchess of York Hospital for Babies, Manchester, for 
use of clinical notes, Professor S. L. Baker for helpful 
criticism, and Mr. F. Ward for the photographs. 
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TWO CASES OF ATRESIA OF THE SMALL INTESTINE 
IN THE NEWBORN 


BY 


A. E. STEVENS 
From the Redhill County Hospital, Surrey 


(RECEIVED FOR PUBLICATION MAy 2, 1950) 


Congenital atresia of the small intestine has been 
known since Calder reported the first two cases in 
1733, but it is rare, occurring in about 1 in 20,000 
births (Wangensteen, 1942). Webb and Wangen- 
steen (1931) reported that they could trace 500 cases 
in the literature, and most of these were from 
necropsy reports. The condition was reviewed by 
O’Neill and his associates in 1948 (O’Neill, Ander- 
son, Bradshaw, Lawson, and Hightower). They 
could find only 38 recorded cases which had been 
treated satisfactorily by operation. The occurrence 
of two cases in one hospital within a week is thus of 
interest. 

Case Reports 

Case 1. This girl was born on December 2, 1949. 
Delivery was normal. The birth weight was 7 Ib. 6 oz. 
The mother’s pregnancy had been normal, and she had 
had one previous normal pregnancy. Her blood was 


Fig. 1.—Congenital atresia of the jejunum (Case 1) showing complete separa- 
tion of the two blind ends of the intestine, with a split in the mesentery. 





Rh positive. The Kahn test was negative. Two days 
later the infant began to vomit dark green fluid, after 
having had two breast feeds. The abdomen was thought 
to be slightly distended and the child was fed on glucose 
water only. The same day she passed a small mucous 
plug by the rectum. On December 5 she passed a little 
meconium by rectum, and vomited five times during the 
day. The vomit was dark coloured and about 2 oz. in 
amount. No peristalsis was seen, but the abdomen was 
still a little distended. On the next day she was still 
vomiting dark fluid. The abdomen was a little more 
distended. Her weight was 6 lb. 6 oz. A radio- 
graph, after the injection of barium through a 
small catheter into the stomach, showed small bowel 
obstruction, probably in the jejunum. The barium was 
aspirated back at once. 

A laparotomy was performed four days after birth. 
Atropine gr. 1/200 and 40 ml. dextrose 5% were given 
subcutaneously one hour before operation. Local 
anaesthesia was used (amethocaine 1 in 2,000 with 
adrenalin 1 in 40,000). The 
abdomen was opened with a 
right split rectus incision. Com- 
plete jejunal atresia was found, 
the proximal segment being about 
one-third and the distal segment 
about two-thirds of the length 
of the small intestine. There was 
a complete split in the mesentery 
with about half an inch of 
separation of the bowel ends. 
The proximal segment of bowel 
was distended to a diameter of 
about 14 in., and the distal coils 
were thin and pencil-like (Fig. 1). 
On opening the lumen of the 
distal bowel a long polypoid 
structure (Fig. 2) was found and 
removed. A side-to-side anas- 
tomosis, about 1} in. long, was 
made, using two layers of fine 
chromic catgut on an atraumatic 
needle. A clamp was used on 
the proximal segment only, and 
this portion of the bowel was 
aspirated with a _ sucker to 
prevent contamination after 
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opening. No other congenital abnormality was found 
in the abdomen. 

Microscopic examination of the polyp removed showed 
a central core of fibrous tissue, completely surrounded 




















Fig. 2.—Longitudal section of distal blind end of intestine 
(Case 1), showing polypoid structure in the lumen. 


by normal mucosa, except for the distal half which was 
black and necrotic. 

Post-operatively subcutaneous saline was given for 
24 hours, and the stomach content was aspirated half- 
hourly. Penicillin (10,000 units) was given intra- 
muscularly every four hours. Twenty-four hours after 
operation fluids were given by the mouth, and shortly 
afterwards the child passed a mass of mucus and faeculent 
material. Thereafter progress was _ satisfactory. 
Expressed breast milk was given on the third day and 
the next day the child passed a normal stool. The 
stitches were removed at the end of a week, when the 
wound had healed. The baby was discharged on the 
sixteenth day, and by this time her weight was 7 Ib. 2 oz. 
She was seen again on February 8, 1950, and was found 
to be gaining weight, and having no trouble with breast 
feeding or bowel action. 

Case 2. This male binovular twin was born on 
December 10, 1949. His mother, aged 40 years, had 
had 12 previous pregnancies. He weighed 
6 lb. 15 oz. at birth. His mother had not attended the 
antenatal clinic, and was admitted to hospital at the 
onset of labour on account of mild toxaemia, with 
swelling of the ankles. There was no albuminuria, and 
the blood pressure was 130/90. Delivery was normal. 
The child began to vomit the day after birth. The vomit 
was small and dark coloured. The abdomen was 
slightly distended, but there was no visible peristalsis 
or palpable tumour. A radiograph showed obstruction 
in the upper part of the small intestine. 

Operation was performed two days after birth, but 
by this time the child was somewhat dehydrated and his 
general physique was much poorer than that of Case 1. 
Pre-operative treatment was the same as in the previous 
case. A complete atresia of the middle of the jejunum 
was found, but this time without any division of the 
omentum. There was a thin filamentous band from the 
proximal end of the bowel to the back of the umbilicus, 
but no communicating band between the two blind ends 
of the intestine. The distal end was lying free, with no 
connexion with the umbilicus. There was no Meckel’s 
diverticulum. The proximal segment of the bowel was 
grossly distended, and the distal end again very small 
and pencil-like. An end-to-side anastomosis was made 
in this case, with two layers of chromic catgut. 

In spite of a post-operative regime similar to that of 
the previous case, this child became steadily worse, and 


on the fourth day of life developed jaundice, which 
deepened until he died on the ninth day after birth 
(the seventh day after operation). There were a few 
small bowel actions but he did not pass a normal stool. 
The abdomen remained distended and he had an 
intermittent temperature of 100° F. until death. 
Necropsy showed that the anastomosis had not worked 
properly and that there had been some leakage of 
intestinal contents, together with swelling and con- 
sequent partial obstruction at the site of anastomosis. 
There was diffuse general peritonitis due to the leakage. 
Stenosis of the hepatic and common bile ducts was also 
found. The lungs showed bilateral bronchopneumonia. 


Discussion 

Many views have been put forward regarding the 
aetiology of this condition (Ladd and Gross, 
1941), but none is completely satisfactory, and it is 
probable that the same factor is not present in each 
case. In Case 1 the presence in the distal loop of 
a polypoid structure was a little suggestive of the 
remains of a foetal intussusception, with absorption 
of necrotic bowel at its proximal end (Chiari, 1888; 
Braun, 1902). 

Deformities of other organs have been reported, 
but are not of frequent occurrence. In Case 2 
there was stenosis of the bile ducts. His binovular 
twin was normal. 

The distended stomach and intestine may be seen 
on a straight radiograph, or if barium is given the 
obstruction can be identified more easily. The 
latter procedure is not essential, however, and 
barium should be aspirated back as soon as possible. 
Barium should not be given if there is any question 
of atresia of the oesophagus, for fear of the 
presence of an oesophageal-tracheal fistula with 
the passage of barium into the lung, and in this case 
iodized oil is a better contrast medium. 

Operation obviously holds the only hope of 
survival, but it is interesting to note that infants with 
intestinal atresia have been known to survive for 
considerable periods without relief of the obstruc- 
tion. Sweet and Robertson (1927) observed an 
infant who lived for three weeks with atresia of the 
bowel, though Davis and Poynter (1922) consider 
that the average survival period is six days. Keith 
(1910) recorded a remarkable case of a child who 
survived for nine months with complete duodenal 
atresia. 

During these neonatal days the mother’s milk 
must be maintained by the usual methods. Intra- 
muscular injections of penicillin should be given for 
the first four days after operation. 


Summary 
Two cases of congenital complete atresia of the 
jejenum are reported, with one recovery after 
operation. 
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My thanks are due to Miss P. Dingle, M.R.C.O.G., 
M.D.., for referring these cases to me, to Mr. D. Hamilton, 
F.R.C.S., for his assistance and for the diagrams, and to 
Dr. J. Andrew, D.R.C.O.G., and the nursing staff of the 
Maternity Unit of the Redhill County Hospital for their 
help in the after treatment. 
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ANEURYSM OF THE DUCTUS ARTERIOSUS AND 
UMBILICAL HAEMORRHAGE IN THE NEWBORN 


BY 


BERNARD LENNOX and DERMOD MacCARTHY 
From the Postgraduate Medical School of London (Hammersmith Hospital) 


(RECEIVED FOR PUBLICATION JUNE 13, 1950) 


A recent report of an aneurysm of the ductus 
arteriosus in a child of 18 days (Pinniger, 1949) has 
stimulated the following somewhat belated record 
of a similar case we saw in 1947. The infrequency 
of reports of this condition would in itself be 
sufficient justification, but the present case has at 
least two points of unusual interest: in the first 
place, the aneurysm was an infective one, and in 
the second the infection, which was umbilical in 
origin, had similarly affected the hypogastric vessels 
which were the source of a fatal haemorrhage. 

We propose after describing our case to discuss 
separately the umbilical haemorrhage and _ the 
aneurysm. The literature can best be summarized 
separately with each. It may be pointed out at 
once, however, that both these conditions have been 
the subject of more interest formerly than now, 
that they seem to have undergone a parallel decline 
in frequency, and that the reduction of umbilical 
sepsis has possibly been responsible for that decline. 


Case Report 

The mother, aged 37, was uniparous. 'Wassermann 
and Kahn tests were negative. Her pregnancy was 
complicated by essential hypertension, superimposed 
pre-eclamptic toxaemia, and premature labour at 
approximately the thirty-fifth week. The puerperium 
was complicated by pyelitis and a small pulmonary 
infarct. At labour presentation was vertex, and the 
second stage lasted for five minutes. 

The infant, a boy, weighed 3 Ib. 5 oz. (1-45 kg.) and 
was cyanosed at birth. He was kept in an oxygen tent 
and his colour improved, but cyanosis returned whenever 
oxygen was discontinued. After 24 hours feeding was 
started and continued three-hourly thereafter, satis- 
factory amounts being taken. The stools were normal, 
and there was no vomiting. On the sixth day the cord 
separated. On the seventh day the temperature rose 
to 102-8° F. There was persistent slight cyanosis 
although the infant was in an oxygen tent. Examination 
of the heart and lungs showed no abnormality. 

On the eighth day the temperature was 102-5° F. and 
the child looked very grey and ill. Penicillin was started. 
Feeds were given by tube. On the ninth day there was 
no change, but on the tenth a slight improvement was 
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noticed. On the eleventh day the infant was found, 
approximately one hour after the last examination, 
collapsed and pale with the clothes and blankets soaked 
with fresh, moderately bright red blood, which had come 
from the umbilicus. He died a few minutes later. The 
bleeding point or points were not verified in life. 

Necropsy. The body, which was examined five hours 
after death by Dr. A. M. M. Wilson, was that of a 
premature male infant weighing 3 Ib. (1,360 g.). The 
skin was pale, without any post-mortem lividity, and 
was wrinkled and inelastic. The stump of the cord was 
absent and the umbilicus represented by a small dis- 
coloured pit round which there adhered a little fresh 
blood clot. 

The heart was of normal size and configuration. 
(Its weight was not recorded.) The valves, chambers, 
and the connexions of the great vessels were all normal. 
Lying in the anterior mediastinum, in front of and below 
the left lung root (which was displaced downwards and 
backwards) below the thymus and above the pericardial 
reflection, was a red, spherical, cherry-like mass, 10 mm. 
in diameter, solid to the touch. Dissection showed it 
to be connected to the upper border of the left pulmonary 
artery just beyond the saddle by a vessel 5 mm. long and 
1-5 mm. in internal diameter, and to the aorta just 
beyond the slightly marked isthmus by a similar but 
shorter channel | mm. long. The orifices of these two 
channels into the pulmonary artery and aorta were 
rounded and open: thrombus could be seen within them 
but had not extended beyond. The structure obviously 
was the ductus arteriosus with a saccular aneurysm 
arising from its whole circumference near the aortic end. 
On opening the aneurysm it was seen to be filled with 
firm, deep red, recent ante-mortem thrombus. 

Both hypogastric arteries at and below the umbilicus 
were thickened, the right more than the left: the right 
was patent and appeared to have been the source of the 
haemorrhage. The umbilical vein in the falciform 
ligament was not thickened and did not appear to be 
patent. 

Other organs showed no changes except pallor. The 
lungs were normally expanded and no anatomical cause 
was found for the persistent cyanosis. 

HistoLoGcy. Except for an adenitis of the abdominal 
lymph nodes, with many polymorphs, and presumably 
secondary to the umbilical sepsis, lesions were confined 
to the vascular system. 








Fic. 1.—Wall of aneurysm. H. & E. x 65. Of the three partially separated 

layers (artefact) the innermost consists of necrotic tissue densely infiltrated 

with polymorphs, the others of loose vascular granulation tissue witl 

many polymorphs, and, towards the middle of the outer layer, a fev 
surviving circular muscle fibres. 





Fic. 1. 





Fic. 2.—Wall of aneurysm, aortic end. H. & E. x 42. Here the densest 
inflammatory infiltration is in the innermost zone of the adventitia. The 
media, especially to the left (nearer the aorta), is well preserved. Towards oT 
the right the media is infiltrated, and here some of the recent ante-mortem 
thrombus which filled the cavity is still adherent. 
Fic. 2 








Fic. 3.—Hypogastric arteries, near the umbilicus. H. & E. x 15. The left artery is plugged almost 
completely by organizing thrombus. The right is dilated, with a lunate lumen round the thrombus. 




















Fic. 4.—Right hypogastric artery, at the same level (reticulin impreg- 
nation, x 30) showing the organization of the thrombus, and the 
capillaries of the granulation tissue which has replaced most of the media. 


Fic. 5. 
Fic. 5.—Right hypogastric artery, at the level of the bladder fundus. 
Phloxine-tartrazine, x 50. The vessel is normal and patent, though the 
lumen is not large. 


Fic. 6.—Left hypogastric artery at the same level. Phloxine- 
tartrazine, x 50. The vessel wall is densely infiltrated with a poly- 
morph exudate, little muscle surviving, but the lumen is plugged 
almost completely with septic thrombus. A _ reticulin preparation 
showed that this clot was more recent than that of Figs. 3 and 4. 
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The available histological material of the aneurysm 
was somewhat fragmentary, but it was clear that in most 
of its wall the media of the ductus had been destroyed, 
only a few fibres of its outer compact muscle layer 
surviving (Fig. 1). The innermost layer of the wall was 
necrotic and densely infiltrated with pus cells: the recent 
thrombus which filled the sac had broken away cleanly 
from this in most places. The outer layer of the 
aneurysm was largely formed by young granulation 
tissue. Inflammatory changes had spread widely in the 
surrounding connective tissue. The undilated part of 
the ductus near the pulmonary artery had an oedematous 
wall lightly infiltrated by polymorphs: the intima had 
been lost but the media was well preserved. The media 
of the ductus was also well preserved in the part of the 
aneurysm nearest the aorta (Fig. 2): here the most 
intense inflammation was found in the adventitia, and 
the process appeared to be spreading toward the aorta. 

Both hypogastric arteries showed acute inflammation 
with loss, at least in their upper portions, of nearly all 
the muscle in their walls. The left was almost completely 
obstructed by organized septic thrombus: in the right 
a similar thrombus of about the same diameter was 
present but dilatation of the vessel had resulted in the 
presence of a large crescentic lumen (Figs. 3 and 4). 
At the level of the bladder fundus the left artery was still 
inflamed (Fig. 6), and almost occluded by thrombus 
which a reticulin impregnation showed to be much 
younger than that nearer the umbilicus: the right artery 
was uninflamed and patent (Fig. 5). The umbilical vein 
near the umbilicus was acutely inflamed and not 
obliterated, but it was collapsed and compressed by 
surrounding granulation tissue and did not seem a 
likely source of haemorrhage. 

No organisms were recognized in any of these lesions, 
but in view of the recent treatment with penicillin this 
was probably not a significant finding. 


Discussion 


Umbilical Haemorrhage in the Newborn. Late 
haemorrhage from the umbilicus in the newborn is 
a well known though somewhat rare occurrence. 
It appears to be rarer now than it was 10 to 20 years 
ago when umbilical sepsis, which undoubtedly may 
play a part in its causation, was common. Since 
the discovery of vitamin K, concentration on the 
relation of prothrombin deficiency to haemorrhagic 
manifestations in the newborn has resulted in the 
frequent acceptance of umbilical haemorrhage as a 
manifestation of ‘haemorrhagic disease of the 
newborn’ without due reference to any local 
pathological process or anatomical fault which might 
be the cause; Clifford (1942), however, emphasizes 
neonatal asphyxia as one important factor in 
initiating the primary break in the vascular tree. 
Opportunities for studying this question are rare, 
Renther (1927) giving the incidence of umbilical 
haemorrhage as four in approximately 20,000 births. 
And opportunities are becoming rarer still as more 
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of these babies are saved by timely transfusion. 
Reports in the literature also are few and far 
between, and we have been unable to find any giving 
a sufficiently detailed description of the state of the 
umbilical vessels for a comparison with our own 
case. 

In our case there is no question that one of the 
umbilical arteries was the source of the bleeding, 
and discussion of the cause may reasonably be 
confined to two possibilities (a) infection, and 
(b) failure of the normal physiological mechanism 
maintaining the closure of these arteries. 

(a) INFECTION. Von Reuss (1920) sums up much 
of what was known about umbilical infection at that 
time, and describes ‘ umbilical arteritis ’ as due to 
the spread of infection to the thin core of thrombus 
in the artery. Suppuration usually does not extend 
beyond the wall of the vessel; pus may exude from 
the navel or be confined to parts of the artery further 
from it. Haemorrhage is mentioned as an occasional 
complication, and according to von Reuss must be 
regarded as a sign of sepsis whether this is obvious 
or not. Surprisingly, in spite of this danger, probing 
of the vessels for the release of pus is the treatment 
recommended and appears to be safe, constriction 
of the caudal end of the artery and integrity of the 
thrombus there presumably being sufficient to keep 
the vessel closed. Obviously the spread of the 
infection down the thrombus to the larger trunks 
may give rise to septicaemia and any of its clinical 
manifestations. Umbilical periarteritis, which is 
said to be commoner than arteritis, carries an even 
greater risk of general spread. Either condition may 
be occult and give rise to chronic septicaemia. 
The subject of omphalitis was reviewed by Chamber- 
lain (1936), but haemorrhage is not mentioned as a 
complication. 

Apart from sepsis, the only form of infection 
reported as a cause of umbilical haemorrhage is 
congenital syphilis, in which it appears to be 
relatively frequent (Hutinel, 1904; von Reuss, 1920; 
Voron and Pigeaud, 1927; Manouélian, 1934; 
Hallez and Garnier, 1940; Snelling, 1942). There 
is usually ulceration at the navel. We have been 
able to find only two accounts of the histology of 
this condition, and they do not tally; MHutinel 
describes endarteritis and periarteritis of the 
umbilical arteries, whereas Manouelian describes a 
chancre-like lesion, full of spirochaetes, involving 
the umbilical vein which it had perforated: syphilitic 
disease of the liver may have raised the pressure 
within the vein. In our case the routine antenatal 
Wassermann test on the mother was negative. The 
infant’s blood was not tested, but the histology of 
the affected vessels and of the other organs did not 
suggest syphilitic disease. 
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(b) FAILURE OF PHYSIOLOGICAL MECHANISMS. The 
experiments of Cattaneo (1935) in the sheep showed 
that a rise in oxygen in the foetal blood results in 
closure of the umbilical arteries. It is probable that 
the mechanism is a local one, for in the ductus an 
apparently similar mechanism has been shown in 
the guinea-pig to be independent of any external 
nervous connexions (Kennedy and Clark, 1942). 
Nerves have been demonstrated fairly conclusively 
in the ductus (Kennedy and Clark, 1941) and in the 
hypogastric—but not umbilical—arteries (Spivack, 
1943) and may be involved in this Jocal reflex. It 
seems therefore reasonable to suppose that a 
persistent low arterial oxygen tension after birth 
may interfere with the normal closure of the arteries 
at the umbilicus. 

In the present case the histological evidence for 
sepsis as the major cause of the haemorrhage was 
strong. A spreading septic thrombosis had occurred 
in the two vessels. One appeared to have remained 
safely occluded, the other to have reopened and 
bled. In the reopening two factors are involved, 
a breakdown of the organized thrombus (Fig. 4) 
and, probably more important, weakening of its 
wall by the destruction of its muscular elements. 
Both of these processes may be ascribed to the 
infecting organism. Clear though this sequence is, 
it is nevertheless worth noting that this infant was 
cyanosed at birth and remained in a state of inter- 
mittent oxygen want throughout its short life of 
11 days. It is not therefore impossible that the 
mechanism of closure of both umbilical artery and 
ductus was in some way imperfect—perhaps 
involving the presence of an abnormal amount of 
thrombus—and allowed the later infective com- 
plications to appear more easily. 

Cases in the literature in which sepsis can be 
excluded as a cause of haemorrhage are not 
numerous. They include the few reported instances 
of severe bleeding from the umbilicus in several 
infants born to the same parents (Taylor, 1893, in 
three infants; Laurentie, 1921, in five infants; 
Baron, 1929, in three infants). Two other cases, 
both fully described, are worth mentioning. Trillat, 
Bertoye, and Doucet-Bon (1938) reported a case 
with fatal haemorrhage into the subperitoneal tissues 
causing a huge haematoma: the umbilical arteries 
were said to be normal and no evidence of sepsis 
or syphilis was found. In Schultze’s case (1927), 
which recovered, the explanation offered was a 
detachment of thrombi from the open end of the 
arteries owing to their adherence to a mass of 
inspissated cord powder and exudate in the navel. 

Aneurysm of the Ductus. Pinniger’s is the only 
aneurysm of the ductus in infancy to be reported in 
the English literature, and the only American cases 
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are those of Dry (1917) and Gross (1945, Case V). 
There have, however, been numerous reports from 
the continent; the most recent is that of Scheef 
(1939), but many are of a considerable age. Details 
of most of them will be found in the papers of 
Thoma (1889), Roeder (1900), Bronson and Suther- 
land (1918), and Scheef. The earliest report we 
have been able to find is that of Martin (1827), but 
Thore (1850) records earlier reports by Baron 
(undated) and Billard (1826). Thore himself, in 
something over 1,000 necropsies at the H6pital des 
Enfants Trouvés found eight ductus aneurysms. 
His descriptions are clear and unequivocal, and his 
report must be accepted as a fair estimate of the 
true frequency of the condition in his day. 
Kaufmann’s case (1929) must be mentioned for its 
similarity to the present case. Ductus aneurysms 
in later ages have been reported by Thoma (1890), 
Hebb (1893), Thomson and Drummond (1900, 
Case 1), Hutchison (1922), Altschule (1937), and 
Graham (1940, two cases): they form a curious and 
very interesting group, probably various in origin, 
and of little relevance here, for few of them 
(Hutchison’s, in a girl of 6, is the only really 
probable one) seem to have arisen as a simple 
survival into later life of an aneurysm of the 
infantile type. 

The sequence of events in the present case seems 
reasonably clear. Umbilical sepsis was the first 
event, followed by a spreading septic thrombosis 
in the two hypogastric arteries. Meanwhile, the 
same organisms circulating in the blood settled in 
the ductus, its wall was weakened in exactly the 
same way as that of the hypogastric artery, and the 
aneurysm resulted. The surprising thing is, not 
that this should occur, but that it should occur so 
rarely. The ductus arteriosus is for several weeks, 
until its total occlusion, a diverticulum of the 
circulation with degenerative changes occurring in 
the wall (Barnard, 1939), sometimes (Blumenthal, 
1947) amounting to frank necrosis, and some sort 
of colonization might be expected to be extremely 
common. Yet it is very infrequent. The ductus is 
at first closed only by spasm (Barclay, Barcroft, 
Barron, and Franklin, 1939; Kennedy and Clark, 
1941), but the injection experiments of the latter 
authors (1942) on the foetal guinea-pig added to the 
present considerations indicate that the spasm of 
the ductus is sufficient to exclude it completely from 
the general circulation in all ordinary circumstances. 
It is simplest to assume that in the present case the 
ductus was already abnormal, either patent, or 
closed by aseptic thrombosis. Thrombosis of the 
ductus (Bettinger, 1932; Gross, 1945) is rarely 
recognized, but as it is hardly recognizable unless it 
draws attention to itself by emitting emboli and 
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causing, for example, peripheral gangrene or 
infarcts, it may be less uncommon than is generally 
supposed. Certainly it would form an ideal nidus 
for the colonization of circulating bacteria, and it 
seems to us much the most likely basis of the 
infection in our case. 

It is probable that the mechanism in the reported 
cases is not always the same. Kaufmann’s case may 
well be the same as ours, but no associated infection 
is reported in Gross’s case (nor does it seem probable 
in Thore’s series, though in the absence of histology 
this must remain uncertain) and in Pinniger’s case, 
though there was plenty of opportunity for infection, 
the histology (in spite of some superficial resem- 
blance;ef his Fig. 3 to our Fig. 4) is not that of a 
mycotic aneurysm. It is possible, of course, that 
the aneurysm in our case began as one of the aseptic 
type (it is interesting to note that its site, rather 
nearer the aorta than the pulmonary artery, was 
that of every one of Thore’s series), but we find it 
difficult to doubt that the septic destruction of the 
vessel wall has had a major part in producing the 
dilatation. 

There seems to be no evidence as to the ultimate 
fate of these aneurysms. Most patients have died 
of intercurrent disease. Scheef’s is the only case 
of rupture we have found, yet persistence of the 
aneurysm into adult life is excessively rare if it 
occurs at all. The answer is probably to be found 
in the thrombus which fills most of these aneurysms. 
It must ‘often organize, the resultant fibrosis 
obliterating the ductus. If it recanalizes how may 
the result be distinguished in time from any ordinary 
patent ductus ? 

One last bare possibility remains, that the 
hypogastric arteries and the ductus, which are not 
dissimilar in structure and suffer simultaneously a 
similar fate, possess in common some disorder 
which has produced the changes in both seen in this 
case. No such congenital arteritis is known, nor 
does any mechanism of its origin present itself to 
our imagination, and we prefer to consider the 
process a simple bacterial infection. 


Summary 


A premature baby died of sudden umbilical 
haemorrhage on the eleventh day. At necropsy a 
10 mm. aneurysm of the ductus arteriosus was 
found. Aseptic arteritis of the hypogastric arteries 
was present, and was the cause of the umbilical 
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haemorrhage: a similar change was present in the 
wall of the ductus aneurysm and was attributed to 
septicaemic spread of the same infection. 


Our thanks are due to Professor A. A. Moncrieff and 
Dr. C. V. Harrison for their interest, to Mr. J. Griffin 
for the sections, and to Mr. E. V. Willmott for the 
photomicrographs. 
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Haemorrhagic disease due to a deficiency of 
blood platelets is stated to be a very rare condition 
in the newborn. Considerable interest has been 
shown in the condition recently, however, and 
examples are being reported with increasing 
frequency. Barclay (1945), Schefrin and Shechtman 
(1945), Waters (1946), and Landolt (1948) all review 
small series of cases; McAlenney and Kristan 
(1949) collected and reviewed a total of 34 cases, 
adding a further six examples of their own. A 
survey of the world’s literature shows that in fact 
some 52 cases of thrombocytopenic purpura in the 
neonatal period have now been reported.* We have 
recently encountered three further examples of this 
condition. The features of these three cases differed 
so markedly as to suggest that the haemorrhagic 
tendency was due to different causes. It seemed 
desirable therefore to review and classify the 
previously reported cases of thrombocytopenia in 
the newborn. Such a classification has not 
previously been made, apart from a suggestion by 
Landolt (1948) that there were three forms. of 
congenital thrombocytopenia; one associated with 
maternal purpura, one in which there was no 
maternal disorder, and a third type in which there 
was congenital hypoplasia of the bone marrow. It 
must be pointed out that purpura is not a disease 
entity, but a sign of a bleeding tendency, which may 
be due to platelet deficiency, capillary disorder, or a 
defect in blood coagulation. A haemorrhagic state 
associated with thrombocytopenia is the condition 
primarily under discussion in this paper. 


Case Reports 


Case 1. Baby D. (a boy), was born spontaneously at 
full term on September 27, 1949 (weight 7 lb. 10 oz.). 
At birth the baby was in good general condition, but 





* The cases mentioned by de Lingen (1828), de Saussure, Townsend, 
and Charlestone (1935), Potter (1945), Rushmore (1925), and Siegler 
(1934), were discarded because in these evidence was insufficient even 
for a provisional diagnosis to be made. Eleven cases have been 
included in which no infant platelet count was reported but in which 
other evidence was sufficient for their classification in this series. 


petechiae were seen scattered on the trunk. The spleen 
was not palpable and the liver not enlarged. Ex@mina- 
tion revealed nothing else of note. No further c:ups of 
petechiae occurred. 

On September 28 the original petechiae seemed larger, 
but were not increased in number. Blood findings were 
Hb. 155% and platelets 130,000 per c.mm. The baby 
fixed readily on the breast and continued to feed well 
till the fourteenth day when artificial feeding began. 
Vitamin K was given on two occasions, but no blood 
transfusion. On September 29 jaundice developed and 
lasted for four days. On September 30 the platelet 
count was 85,000 per c.mm. Progress was satisfactory 
apart from the development of thrush, which was treated 
with gentian violet. Further blood examinations gave 
the following results. 


October 3, bleeding time 74 minutes; clotting time 
2 minutes. 

October 12, platelets 30,000 per c.mm.; bleeding 
time 2 minutes; Hb. 122%, and W.B.C. 8,200 per c.mm. 

October 16, Hb. 109%; platelets 85,000 per c.mm.; 
bleeding time 2 minutes. 

October 18, Hb. 110%; W.B.C. 9,400 per c.mm.; 
platelets 125,000 per c.mm. 

December 8, Hb. 110%; W.B.C. 11,200 per c.mm.; 
and platelets 310,000 per c.mm. 


The child left hospital on October 16, 1949, and when 
last seen at the sixth week was thriving well. 

The mother was primiparous, aged 20 years, and 
labour lasted 50 hours. She was suffering from idiopathic 
thrombocytopenic purpura, and had been observed in 
hospital throughout the later part of her pregnancy. 
Her blood findings on September 28, 1949, were Hb. 69%, 
R.B.C. 3-46 million, W.B.C. 16,000, platelets 70,000 
per c.mm. She had frequent purpuric episodes during 
pregnancy. Her case is fully described by Robson and 
Davidson (1950). 


Case 2. Baby F., aged 3 weeks, was admitted to the 
Royal Hospital for Sick Children, Edinburgh, on 
April 27, 1948, because he failed to thrive, and because 
of an increasing blue discoloration of the skin of the 
abdomen and right arm of 24 hours’ duration. 

The mother had remained well during pregnancy, and 
was delivered spontaneously at term in five hours. The 
baby, whose birth weight was 114 Ib., cried normally and 
showed no evidence of shock, asphyxia, or birth injury. 
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No abnormal degree of jaundice was noted. She fixed 
readily.:and was breast-fed until admission, but had lost 
5 Ib. jn weight. She had not vomited, but she 
was constipated. Twenty-four hours before admission 
a small, blue-red area was noticed on the anterior 
abdominal wall and a similar area appeared on the right 
arm. The former increased rapidly in size. There were 
no other bleeding manifestations. 

The child was thin and grossly dehydrated, and 
weighed 64 Ib. The skin generally was pink, dry, warm, 
thick, and leathery in consistence. Over the right upper 
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Fic. 1.—Drawing of Case 2 showing areas of intra- 
cutaneous haemorrhage. 
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arm and abdominal wall there were areas of what 
appeared to be intracutaneous haemorrhage (Fig. 1). 
The edge of the lesion was raised and bright red in 
colour, the centre being deep blue-black. The surface 
was rough and leathery to touch, of normal temperature, 
and adherent to subcutaneous tissues. The area on the 
abdomen stretched from the rib margin to the iliac crest 
and frofa the umbilicus round to the mid-line posteriorly. 
That on the antero-medial aspect of the arm was circular 
and about 2 in. in diameter. Small petechiae were 
scattered over the rest of the body. There was some 
discharge from the umbilicus. 

The baby was semiconscious, and limb muscles were 
hypotonic. There were very few spontaneous move- 
ments. No enlargement of liver or spleen could be 
detected. Other systems showed no abnormality. The 
blood findings were Hb. 120%; R.B.C. 5-1 million 
per c.mm.; W.B.C. 4,800 per c.mm.; a blood film 
showed anisocytosis of red cells, but no normoblasts; 
platelets 10,000 per c.mm.; the bleeding time was 
markedly prolonged; blood urea nitrogen, 140 mg. %; 
serum chlorides, 590 mg. %; prothrombin concentra- 
tion, 100%. The dehydration was relieved by intra- 
venous glucose saline, plasma, and Hartmann’s solution. 
Penicillin, vitamin K, and ascorbic acid were given 
intramuscularly. After hydration, blood examination 
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showed Hb. 65% and R.B.C. 3-9 million per c.mm., 
so a transfusion of 100 ml. of fresh blood was given. 
Further examinations then showed Hb. 100%; R.B.C. 
5-2 million per c.mm.; platelets 10,000 per c.mm: 
blood urea nitrogen 133 mg. %; and serum chlorides 
600 mg. %. The ecchymotic areas had spread slightly 
in all directions, and a fresh area was noticed on the 
left cheek. 

The following day the baby had a blood-stained nasal 
discharge, and the stools, which were infrequent, con- 
tained occult blood. Mild head retraction then 
developed. Sacral oedema was noted, and bullae were 
found on the back and left side. One of these ruptured 
spontaneously, and discharged watery, dark-brown fluid. 
On April 30 a further blood transfusion was given because 
of the continued thrombocytopenia. After this there 
was more head retraction, and neck rigidity with 
generalized hypertonicity developed. The clinical picture 
was that of cerebral haemorrhage, and death ensued. 


Necropsy Report. A large area of skin, of a uniform 
dark cyanotic colour extended over the left side of the 
chest and abdomen down to the level of the umbilicus. 
Posteriorly it affected the whole of the skin of the trunk 
and spread on to the upper part of the left thigh. Several 
ruptured bullae were on the skin of the back, but these 
showed no sign of sepsis. Numerous petechial haemor- 
rhages were seen on the left leg, and a few on the right 
leg. Microscopically, sections of the skin showed 
haemorrhage into the cutis and to a less extent into the 
subcutaneous tissue. There was no _ evidence of 
haemangioma, and there was no inflammatory reaction. 

The brain showed a lesion in the left frontal lobe, 
where a large softened area was found, consisting of 
degenerate brain tissue stained with fresh blood. The 
lungs showed marked basal congestion, and _histo- 
logically there were many areas of haemorrhage with 
some intra-alveolar clot formation, but no inflammatory 
reaction. The heart was markedly dilated, particularly 
the right ventricle. The liver was enlarged and showed 
severe fatty degeneration affecting the central zones of 
the lobules. The left kidney was large and had a double 
ureter with two pelves. The suprarenals were normal. 
The spleen was of normal size and consistency. The 
bone marrow showed marked aplasia. No inclusion 
bodies, such as are described by Wyatt, Saxon, Lee, and 
Pinkerton (1950), could be found in the sections of the 
various organs. 

The mother, father, and five siblings were all well. 
There was no family history of bleeding disease. The 
mother had not been taking any drugs. An examination 
of her blood showed a negative Wassermann reaction; 
Rh positive, Group B bleeding time 2 minutes ; 
clotting time 6 minutes; platelets 290,000 per c.mm. 
The father’s blood was Rh positive, Group O and 
the Wassermann reaction negative. 


Case 3. Baby C. (a boy) was born spontaneously 
following a third medical induction at 42 weeks’ gestation 
on November 11, 1950 (weight 7 Ib. 3 oz.). At birth 
the baby was in good condition and no petechiae were 
noticed. Three hours after birth a purpuric rash 
developed on the forehead, ears, posterior aspect of both 
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upper arms, groins, and the back of the knees (Fig. 2). 
There was some bruising of the ears, a few petechiae 
were seen On the tongue, and slight haematemesis 
occurred. The spleen was not palpable. At eight hours 
the platelet count was 30,000 per c.mm., and at 11 hours 
the bleeding time was 9 minutes, the clotting time 
7 minutes, and the prothrombin time 19 seconds (control 
19 seconds). No further petechiae developed, but there 
was slight haemorrhage from the cord on the fourth day 
and slight melaena on the ninth day. The baby was 








Fic. 2.—Photographs of Case 3 showing purpuric rash. 


breast-fed from the second day and made very good 
progress without any specific treatment. 
Further blood examinations gave the following results. 


November 8, platelets 70,000 per c.mm; capillary 
resistance within normal limits. Tibial puncture: only 
marrow blood obtained. No megakaryocytes were 
found in smears. 

November 20, platelets 56,000 per c.mm. 

November 22, platelets below 5,000 per c.mm. ; 
bleeding time 5 minutes. 

November 24, platelets 10,000 per c.mm. Tibial 
marrow puncture gave same result as previously ; 
capillary resistance had fallen but was within the lower 
limit of normality. 

November 27, platelets 15,000 per c.mm. 


The child was discharged home on November 27, 1950, 
and was thriving well. 
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The mother, aged 30, was multiparous. Her four 
previous children, all girls, aged 8, 6, 4, 14, were all alive 
and well, and all births were normal. Three weeks after 
the birth of the fourth child; she developed, for the first 
time, petechial rashes and spontaneous bruising. There 
was no family history of bleeding disease. Full investiga- 
tion at this time led to a firm diagnosis of idiopathic 
thrombocytopenic purpura. During the following 18 
months, the mother was seen regularly as an out-patient. 
Her general health remained good, and bleeding 
manifestations were slight, consisting only of occasional 
crops of petechiae and bruising. Menstrual loss was not 
excessive. She remained thrombocytopenic throughout, 
the platelet count ranging from 20,000 to 50,000 per 
c.mm., but the bleeding time was within normal limits. 
The present fifth pregnancy was confirmed at the 
beginning of April, 1950. Continued surveillance 
throughout the remainder of pregnancy revealed no 
significant change in her clinical or haematological state. 
She went into labour at the 42nd week after medical 
induction. Delivery was spontaneous, and the blood 
loss was normal. The platelet count at delivery was 
25,000 per c.mm.; bleeding time 3 minutes; capillary 
resistance was low. The lochia was normal and the 
puerperium was uneventful. 

Excess breast milk from this mother was fed to another 
infant whose haemopoietic system appeared normal but 
who was suffering from an inoperable spina bifida. The 
blood findings were as follows: 

November 24, 1950, R.B.C. 6-09 million; platelets 
530,000 per c.mm. 

November 25, a.m., platelets 380,000 per c.mm. (milk 
started) p.m., platelets 330,000 per c.mm. 

November 26, a.m., platelets 250,000 per c.mm.; 
p.m., platelets 430,000 per c.mm. 

November 27, a.m., platelets 317,000 per c.mm.; 
p.m., platelets 359,000 per c.mm. 

November 28, a.m., platelets 235,000 per c.mm.; 
p.m., platelets 569,000 per c.mm. 

There was thus no significant fall in the platelet count 
while the milk was being given. 


Discussion 

The three cases reported above illustrate different 
syndromes arising from thrombocytopenia. In 
cases 1 and 3 the mother was known to be suffering 
from idiopathic thrombocytopenic purpura, the 
manifestations in the infants were present at or 
soon after birth, were mild and transient, and the 
condition resolved spontaneously. In case 2 there 
was no family history of bleeding disease, the 
mother’s blood findings were normal, the manifesta- 
tions of the disease in the child did not appear until 
the third week of life, and the condition proved 
rapidly fatal. 

Thrombocytopenia in the adult is known to result 
from many different causes which may be classified 
thus. (A) Idiopathic (essential) thrombocytopenic 
purpura; (B) secondary (symptomatic) thrombo- 
cytopenic purpura caused by (i) bone marrow defect, 
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e.g. aplasia, leukaemia, carcinoma; (ii) toxic 
agents, e.g. heavy metals, quinine, sulphonamides; 


(iii) infection and toxaemia, e.g. septicaemia, 
eclampsia; (iv) splenic disorder, e.g. ‘ hyper- 
splenism’ of congestive, syphilitic, tuberculous 
splenomegaly. 


The clinical features of the disease in the adult 
vary with the cause. It would therefore seem of 
importance to discover whether thrombocytopenia 
in the newborn also has diverse origins, and variation 
in clinical manifestations. A study of the three cases 
just described indicated that this was indeed the case, 
and further suggested a logical classification of 
cases of thrombocytopenia in the newborn into two 
main groups: those associated with thrombo- 
cytopenic purpura in the mother, and those in whom 
the disease appeared as a primary condition, the 
mothers being apparently normal. With this idea 
in mind, the cases recorded in the literature have 
been critically reviewed, and classified into these 
two broad groups. The information provided was 
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incomplete in many cases, and it became necessary 
in each group to list first those cases about which 
sufficient information was available to permit of 
accurate classification, and second, those cases in 
which the data provided was inadequate, permitting 
only of a provisional diagnosis. 


Group 1: Purpuric Infants of Mothers with 
Purpura 

Thrombocytopenia in the pregnant woman may 
be either idiopathic or secondary. The recorded 
examples of purpuric infants born of mothers who 
were themselves suffering from purpura have 
therefore been divided into two groups, according 
to the type of disease in the mother. 

A. Idiopathic Thrombocytopenic Purpura in the 
Mother. The criteria required for this diagnosis 
are (1) thrombocytopenia 100,000 per c.mm. or 
less, (2) no evidence of any cause for the thrombo- 
cytopenia, (3) normal clotting time, (4) prolonged 
bleeding time, (5) increased capillary fragility 


TABLE 1 
PURPURA IN INFANTS OF MOTHERS WITH IDIOPATHIC THROMBOCYTOPENIC PURPURA 














Child Mother 
- P- 
2 = = 
2 6 c § 22] » 3 s | 471. 
Case Author 2 Distribution 6 2 » 2 = z Efe ¢ 5 if = z £ 
No. 3 2 of Lesions se sig 2 2 “ 3 ae 5 " 2 2 2 2 3 5 
s * oD 3.8 v 8 wat 3 S&oO! ow = > \Sak: 3 
= Bb < AZie lc ase! 6 esei< | EF atk oO 
1 | Waltner, 1924 Prem. | F. | 1 day Skin 2 B 90 R } 38 2 S.D. 60 R 
2 | Liebling, 1926 F.T. F. Birth Skin, bowel 5 B 40 R 2 1 S.D. 20 R 
3 | Sanford et al., 1936 F.T. F. Birth Skin, bowel 3 | Bl 20 R 22 1 S.D. 17-5 R 
4 Davidson, 1937 F.T. F. Birth Skin, bowel 6 BI 56 R 21 1 S.D. 6 R 
5 | Urbanski and Hutner, 
1942 F.T. M. Birth Skin, C.N.S., _ ~ - - S.B. 25: | 2/8 | Sao. 50 R 
6 s = Ps. F. 1 day Skin Bi 23 R aT | 3/2 | Se 75 R 
7 Whitney and Barritt, 
1942 F.T. M. Birth Skin, C.N.S. 3 80 D 26 1 F 70 R 
8 oe Prem. M. Birth Skin 90 D 27 2 S.D. 62 R 
9 Finn, 1944 P.T. .. | 5 hours Skin, C.N.S., 
bowel 3 Bil 120 D 23 1 S.D. 45 R 
10 ae F.T. 1 hour Skin 2 Bi 40 R 26 | 3/2 | SD. 45 R 
11 Mborrison and Samwick, 
* 1945 ET. M., 8 hours Skin, bowel 16 40 R » | 2/i | SB. 40 R 
12 Patterson, 1946 Fit. M.| 2 days Bowel 3; B1| B 18 R 21 1 F 50 R 
13 |Talmadge and Berman, 
1947 F.T. F. | 6 hours Skin, bowel 10 Bl 18 R 20 I es 25 R 
14 ze = F.T. F. | 6 hours Skin, bowel 7 | Bi 5 R 24 2 - 64 R 
15 ‘i ce Prem. | F. 2 days Skin, bowel 7 | Bil 5 R 25 3 S.D. ca) ae 
16 | McAlenney and Kristan, 
1949 F.T. F. | 4 hours Skin, bowel 4 Bil 47 R 31 2 S.D. | 150 R 
17 me “é Pike F. Soon Skin 3 35 R 33 3 S.D. | 150 R 
18 | Robson, 1949 F.T. M.. Birth Skin 3 B 130 R 20 1 S.D. 25 R 
19 te. Fes P.M. M. 3 hours Skin, bowel 9 B 30 R 30 5 S.D. 25 R 
Cases of doubtful diagnosis 
20 | Bayer, 1931 = F. Birth Skin 3 50 R el S.D. 160 R 
21 Dohrn, 1874 F.T. F. | Birth Skin, bowel 8 a R 41 2 S.D. oe R 
22 Waters, 1946 F.T. M., 38 hours | Skin, bowel 4 21 R 34 | 8/5 | Ind. oe R 
23 | Rodecurt, 1928 F.T. F. | Birth Skin 1 B 127 R 21 2 S.D. 90 R 
24 Conti, 1933 Prem. M.| Birth C.N:S. ss - - _ S.B. 31 5 S.D. . 100 D 
25 | McAlenney and Kristan, 
1949 F.T. M., 2 hours Skin 1 ia R 25 6 S.D. bis R 
26 . Guttfreund, 1933 F.T. M. | Soon Skin, bowel 120 B 0 D - 18 1 S.D. 32 R 
27 ma a Prem. F. 4months | Skin 42 B 0 R ss vs 1 S.D. 186 R 
28 Hauser, 1948 Prem. .. | 6 weeks Skin, bowel 300 Bi 6 D — - Pe a 64 R 
F.T.=full term; Prem.=premature; B=breast; Bi=blood transfusion; R=recovered; D=died; 


F=forceps; Ind.=induced labour; P=in puerperium; 


P.M. = Post-mature. 


S.D.=spontaneous delivery ; 
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(6) normal or increased numbers of megakaryocytes 
in the bone marrow. 

It has been found necessary to accept several cases 
in which all the above criteria were not satisfied, 
since certain investigations, such as sternal puncture, 
have only recently come into routine practice. The 
history, clinical, and haematological findings were 
carefully studied in each case before arriving at a 
conclusion. Twenty-eight examples of idiopathic 
thrombocytopenic purpura in pregnant women who 
were delivered of purpuric children have been 
collected; the details of these cases are shown in 
Table 1 and the salient features summarized in 
Table 4. Of these 28 cases, 19 were accepted as 
definite examples of idiopathic thrombocytopenic 
purpura, while the remaining nine cases were 
insufficiently documented to allow of a firm con- 
clusion. 

From Table 4 it is evident that the female infant 
was more commonly affected than the male in a 
proportion of 10:7 in those cases in which the 
diagnosis in the mother was certain, while if the 
whole group is included, a similar proportion is 
maintained. No female child died in this group, 
if the fatal case in which the sex is unknown is 
excepted. Three of the male infants in this group 
died. All four deaths occurred in infants of the 
13 mothers who are stated to have had active 
manifestations of idiopathic thrombocytopenic 
purpura during bregnancy, while no deaths occurred 
in the children born of the four mothers known to 
have the disease, but who were not purpuric during 
pregnancy. Haemorrhagic manifestations appeared 
within the first 24 hours of life in 17 infants (89%), 
and in 11 of these the purpura was noted at 
birth. 

The ratio of females to males in this series is 
about 3:2, which may be compared with a ratio 4:3 
in adults and older children (Wintrobe, Hanrahan, 
and Thomas, 1937). It must be noted that while 
more females were affected, all the infants who died 
or were stillborn were male. The severity of the 
disease in the child seems related to that in the 
mother. It has been shown by Robson and 
Davidson (1950) that the heaviest infant mortality 
in this type of thrombocytopenia is found in the 
children of women suffering so severely from the 
disease that splenectomy had failed to control it. 
In the present study, the lowest mortality occurred 
among infants born of mothers who, while thrombo- 
cytopenic, showed no outward manifestations of 
the disease during pregnancy. On the other hand, 
there are several instances on record of normal 
infants born of mothers suffering from the disease. 
The similarity as regards sex incidence, mortality, 
and onset between the accepted and the doubtful 


cases (Tables 1 and 4) suggests that the majority 
of the latter were in fact classified correctly in the 
group of infants born of mothers with idiopathic 
thrombocytopenic purpura. 

B. Secondary Purpura in the Mother. Fourteen 
cases have been assigned to this group, in which a 
definite aetiological factor was present to cause 
purpura in the mother, and could have been 
responsible for the purpura in the child. The 
features of these cases are shown in Table 2, and 
salient points have been summarized in Table 4. 
Of these 14 cases, only four could be unreservedly 
accepted as examples of a mother with secondary 
thrombocytopenic purpura giving birth to a 
thrombocytopenic child. The remaining 10 cases 
were classified as doubtful, since in three of them 
(McAlenney and Kristan, 1949; Bayer, 1931) the 
child was thrombocytopenic, but the mothers’ 
platelet counts were not stated; in another two 
cases (Landolt, 1948; Diehl, 1899) no platelet 
counts were recorded for the infants although the 
mothers were thrombocytopenic; and in another 
five (Hanot and Luzet, 1890; Glenn, 1893; Zange- 
meister, 1898; Mosher, 1923; Pettavel, 1911) 
platelet counts were not given for either mother or 
child. Aetiological factors responsible for pro- 
ducing purpura in the mothers included rheumatic 
fever, quinine, syphilis, severe sepsis, and toxaemia 
of pregnancy. Although the overall mortality 
among the babies was 57-1 °%, it must be noted that 
no infant deaths occurred among the ‘ acceptable ’ 
cases, i.e. those in which there were thrombocyto- 
penia in both mother and child. . Male infants were 
more frequently affected in this group of secondary 
purpuras, in the ratio of 9:3. Purpuric manifesta- 
tions appeared within 24 hours of birth in the great 
majority of cases and the average duration of 
purpura was 11 days. 

The lack of data, which casts some doubt on all 
but four cases in this group, seriously reduces the 
amount of information which can be derived from 
a study of these cases. The principal point of 
interest is that secondary or symptomatic maternal 
thrombocytopenia can apparently be transmitted 
to the child just as the idiopathic variety may be. 
The features of the disease in the children in the 
1.A and 1.B groups may be tentatively compared 
(Tables 1, 2, and 4). There is a suggestion that the 
secondary type carries a greater mortality than does 
the idiopathic. This is perhaps to be expected since 
many of the symptomatic causes carry heavy 
intrinsic mortality rates. The sex incidence does 
not show the female preponderance found in the 
idiopathic group, and there is only slight suggestion 
of a higher death rate among male babies than 
among female. The duration of the disease in the 
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TABLE 2 


PURPURA IN INFANTS OF MOTHERS WITH SECONDARY PURPURA 




















Child ; Mother 
on nana 
> =| Ge 5) Uc 7) 
= ro) gweé = wp vee 
3 ae Be \3a5| 8 > 92 B85 § 
Case) Author = x | 92 | Distribution) 52 (452 & 2 © 83 $62 § Primary Disease 
No. | = |&| ¢§ | ofLesions QS ASR O [< £& FO FSB 6 
29 | Leschke and Wittkower, ei Yd eae a Tein 
1925 ae ip M.| Birth Skin 10 0 R os 7 | S.D. 6 R . Rheumatic fever 
30 | Posner, 1937 Post. F. | Soon | Skin 3 10 R 28 2 | S.D. 17 R = Quinine 
| . idiosyncrasy 
31 | Goldstein, 1947 FT. M.| Birth Skin 3 63 R F 182 R  Toxaemia of preg- 
| nancy 
32 | Guggisberg, 1936 PT. M.} Birth | Skin 30 4 R 28 4 Caes. 4 R_~ Uncertain 
Cases of doubtful diagnosis 
33 | McAlenney and Kristan, 
1949 F.T. M.| Birth | Skin 3 66 R 24 > | R Sulphonamide 
toxicity 
34 | Bayer, 1931 M.| 6 days| Bowel,C.N.S. 8 49 D si S.D .. Syphilis 
os oe .. | M.| 6days| Skin 2 60 D [.. S.D .. | .. | Syphilis 
36 | Landolt, 1948 F.T. M.| Birth | Skin, eye 70 ie R 25 2 ‘ 70 R Quinine  idiosyn-- 
crasy 
37. Diehl, 1899 Prem. | F. | Birth | Skin, viscera S.B. | 36 7 | SB. 65 D___ Uterine sepsis 
38 | Hanot and Luzet, 1890 F.T. M. | Birth owe ‘ SB. § 22 i | Bae. = D_ Septicaemia 
39 | Glenn, 1893 Prem. | .. | Birth | Skin 1} 2 ees ee R__ Syphilis 
40 | Zangemeister, 1898 F.T. .. | Birth | Bowel is SB: 825 |} 2 | SD. R= Scurvy 
41 | Mosher, 1923 Prem. | F. | Birth Skin 4 D 36 «66s Ind. R  Toxaemia of preg- 
nancy 
42 | Pettavel, 1911 F.T. M.| Birth Skin, viscera 10 D 17 S.D. Uncertain 
F.T.=full term; Prem.=premature; B=breast; B1=blood transfusion; R=recovered; D=died; §$.D.=spontaneous delivery ; 


F=forceps; Ind.=induced labour; P=in puerperium; P.M.=Post-mature. 


child appears to be somewhat longer than that in 
the idiopathic group, though there is no apparent 
difference in the situation or extent of the bleeding 
manifestations. 


Group 2. Thrombocytopenic Purpura in Infants of 
* Normal ’ Mothers 


Twenty-one cases have been reported in which a 
child ‘with thrombocytopenia was born of an 
apparently healthy mother. The details of these 
cases are shown in Table 3, and salient features are 
summarized in Table 4. Of these 21 cases, the 
data provided were considered adequate in six 
instances, and inadequate in the remaining 15. 
In the six acceptable cases, three were male infants, 
three .were female, and one of the latter died 
(mortality 17%). If all the mothers in this group 
are accepted as being normal, the sex incidence of 
the purpuric infants is 14 males and seven females, 
with a total mortality of six (29%), three females 
and three males. The appearance of purpura 
within the first 24 hours was recorded in only 66%, 
and the average duration of the disease was six days. 

This group of cases is one of considerable 
potential interest, and the lack of adequate data in 
sO many instances is all the more unfortunate. If 
the mothers in this group are accepted as being 
normal, a comparison between this group and that 


previously discussed in which the condition appears 
to be transmitted from the mother might be expected 
to prove interesting. It may be seen from Table 4 
that, as regards overall mortality, onset, duration 
and manifestations of the disease, there is close 
similarity between the group of children born of 
normal mothers and those whose mothers suffered 
from idiopathic thrombocytopenic purpura (Group 
1.A). In the latter group, however, there was a 
striking preponderance of females affected by the 
disease and a heavy mortality among male babies. 
These features are not reproduced among the infants 
born of normal mothers; in these respects they more 
closely resemble the infants whose mothers had 
secondary purpura (Group 1.B). 


Pathogenesis of Thrombocytopenia in the Newborn 


A plausible explanation of the cause of thrombo- 
cytopenia in the newborn infants of mothers 
suffering from idiopathic or from secondary 
thrombocytopenic purpura is that the factor or 
influence at work in the mother is transmitted to 
the child. There is some support for this idea. 
The condition is generally mild and transient in 
character, spontaneous recovery usually takes place, 
and the severity of the disease in the child is roughly 
proportional to the severity in the mother. 

It is of some practical importance to note that 
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TABLE 3 


PURPURA IN INFANTS OF ‘ NORMAL’ MOTHERS 














Child Mother 
3 33 $3 
oe Ue 
Case Author 2 ° Distribution § 25 E 2 sp 3g g z Note 
No. S S of Lesions | 8G 3306/8 2! oF |335/ 8 
= x & Se s25 5/8 © 83 8285/5 
Sig < AZ ase o]< £& FA ZEB 6 
43 Barclay, 1945 F.T. | M.| 2 days Skin, bowel 14 6 |R 350 R 
44 Schefrin and Shechtman, 
194 F.T. | F. | Birth Skin 4 67 R SD. | 723 | 

45 | Landolt, 1948 F.T. | M.| Birth Skin, C.N.S. 2 70 R Nor- | R | Microcephalic child 

mal 

46 McAlenney and Kristan, 

1949 F.T. | F. | 2 hours | Skin 4 66 R | 27 7138. | SD ik 
47 Bluestone and Maslow, : 
1949 F.T. | M.. Birth Skin, bowel 8 R S.D. | 185 | R/| Child 9th day 
? splenectomy 

48 Robson, 1949 Post.| F. | 3 weeks | Skin, C.N.S. 6 10 D | 29 6 S.D. | 290 R | Child had congenital 

kidney lesion 
Cases of doubtful diagnosis 

49 | Greenwald and Sherman, 

1929 F.T. | M.| 6 days Skin 12 30 «I ow = aA .. | Child had congenital 
heart lesion 

50 | Lightwood, 1931 F.T. _M.. 5 weeks | Skin 9 38 R 2 Mother —_ to be 
‘normal ’ 

51 Landolt, 1948 F.T. | F. | 12 hours’ Skin 150 7 D ‘Mother healthy.’ 
Child had con- 
genital kidney 

52 McAlenney and Kristan, 

1949 F.T. |M.) Birth Skin 1 183 R | 27 2 | SD. R | Mother ‘ nil of note” 

53 Bayer, 1931 ve M.| 1 day Bowel 6 120 R el we) | Mother ‘ normal ” 

54 rm = ae M. 1 day Bowel 2 90 R $.D. ee * 

55 ES ia M. 3 days Bowel, C.N.S. 4 90 R Caes. ea - 

56 ie ms Si M. 4 days Bowel, C.N.S. 5 45 R S.D. - 

57 = ‘s oe M., 2 days Skin, bowel 2 50 D S.D. “ - 

58 ‘a i ss F. 2 days Bowel 3 60 R S.D. ~ - 

59 = as a F. | Birth Skin 3 48 R S.D. ‘i 

60 i” a ee M.. Birth Skin 3 66 R S.D. i ees 

61 a 3 ne M. 5 days Skin, C.N.S. 6 80 R ««. || es = ia ne ‘és ' 

62 Wyatt et al., 1950 F.T. | M. 5 days Skin, bowel 91 80 3] ae 1 ae ‘i R Inclusion bodies 

63 - as F.T. | F. | Birth Skin 35 23 mea & ie - R t found in many 

organs in both 
these infants 





F.T.=full term; Prem.=premature; B=breast; Bl=blood transfusion; R=recovered; D=died; S.D.=spontaneous delivery ; 
F=forceps; Ind.=induced labour; P=in puerperium; P.M: =Post-mature. 


TABLE 4 


SUMMARY OF SALIENT FEATURES OF REPORTED CASES 
































Group 1: Infants of Purpuric Mothers Group 2. Infants 
of Normal Mothers 
A. Idiopathic B. Secondary 
Accepted Accepted Accepted 
Cases Total Cases Total Cases Total 
Sex 3 * ? 3 ¥ . 3 ? 3 ? ? 3 "] 3 g 
— Number 7 10 2 11 14 3 3 1 9 3 2 3 3 14 7 
Deaths Number 3 - | 1 5 - 2 - - 4 2 2 ~ 1 3 3 
Mortality a 23% - 57% 17% 29% 
Proportion of cases in which 
purpura was noted within 24 
hours of birth 89% 82% 100% 86% 66% 43% 
Average duration of purpuric 
manifestations (days) 5 10 11 13 6 17 





Average initial platelet count 
(thousands per c.mm.) 46 ~ 19 = 38 
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breast-feeding is not contra-indicated in these 
infants. Of the nine cases in Group 1.A stated to 
be breast-fed, eight made a good recovery. (The 
overall mortality in this group was 25%.) Further- 
more, in the third case described here, milk from 
the mother was fed to another infant without 
causing any significant alteration in platelet levels. 
It has been suggested, however (Gates, 1946), that 
thrombocytopenic purpura may be a hereditary 
condition, and certain features lend credence to this 
possibility. An affected mother may give birth to 
a normal child (Finn, 1944). An affected mother 
may have dissimilar twins, one affected and one not 
(Goldstein, 1947). A healthy mother may bear 
affected children (cases in Group 2), and a healthy 
mother has been reported as producing dissimilar 
twins, one affected and one not (Bayer, 1931). 
These phenomena are suggestive of a sex-linked 
genetic disorder, but much more evidence is required. 
Careful study of the families of sufferers from 
idiopathic thrombocytopenic purpura and long-term 
follow-up of cases of congenital thrombocytopenic 
purpura would seem indicated. 

The pathogenesis of the thrombocytopenia arising 
in infants whose mothers were stated to be normal 
is less readily explained. The features of such cases 
bear some resemblance to those whose mothers were 
suffering from idiopathic thrombocytopenic purpura 
in regard to total mortality, onset, and duration of 
the disease, and resemble those whose mothers were 
suffering from secondary purpura (Group 1.B) in 
regard to sex incidence and sex mortality. It might 
be suggested that these cases of thrombocytopenia 
arising de novo in the newborn are of two types, 
one similar to the idiopathic type in the adult, and 
the other secondary to some disorder in the child 
itself.: Study of the cases in Group 2 suggests that 
this might be so. The case reported by Greenwald 
and Sherman (1929), both cases of Landolt (1948), 
and the second case recorded here all showed 
congenital abnormalities of various types together 
with aplasia of the bone marrow. Thrombocyto- 
penia ‘could certainly be considered as secondary in 
type when it is due to such bone marrow aplasia. 
Aplasia is not found in the marrow in idiopathic 
thrombocytopenia in the adult, where the accepted 
picture is that of a normal or even hyperplastic 
state.. It might be expected that the bone marrow 
in th¢ infant born of a mother with idiopathic 
thrombocytopenic purpura would show the same 
appearance. In the case reported by Morrison and 
Samwick (1945) and in one of the cases reported by 
Whitney and Barritt (1942) the bone marrow of the 
infant was normal or hyperplastic. On the other 
hand,: in a second case reported by Whitney and 
Barritt, and in the cases of Finn (1944) and 
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Guttfreund (1933) hypoplasia or aplasia was found. 
The findings in case 3 reported here were also 
suggestive of marrow aplasia. It would appear, 
therefore, that, until more information is available 
about the appearance of the bone marrow in infants 
suffering from thrombocytopenia, it cannot be 
assumed that aplasia excludes the possibility of the 
thrombocytopenia being idiopathic in type. The 
existence as a separate entity of a type of congenital 
thrombocytopenia due to aplasia of the bone marrow 
as suggested by Landolt (1948) and Hauser (1948) 
must be regarded as uncertain. 

The two cases reported by Wyatt, Saxton, Lee, 
and Pinkerton (1950) are of considerable interest. 
Virus inclusion bodies were demonstrated in cells 
in many organs of both these children, who were 
thrombocytopenic and whose mothers were stated 
to be normal. These inclusion bodies were also 
found in cases of bronchopneumonia, hepatitis, and 
enteritis, and the authors suggest that they were 
examples of a specific viral infection which can be 
acquired, either transplacentally or directly by the 
infant postnatally. The infection may be subclinical 
when inclusion bodies may be found in the salivary 
glands, but the severe infection may give rise, 
among other things, to a haemorrhagic diathesis 
(Farber and Wolbach, 1932). Pettavel (1911) 
described a case of congenital purpura in which 
inclusion bodies were found in the thyroid gland. 
In his case, the mother is stated to have suffered 
from purpura, but no indication is given of the 
type of purpura in either mother or child. 
Thrombocytopenia resulting from virus infection 
could certainly be regarded as secondary in type, 
as in measles or smallpox. 

As regards the remainder of the cases of thrombo- 
cytopenia in infants whose mothers were stated to 
be normal, it might be suggested that these were 
idiopathic, and that there are three possible explana- 
tions for the occurrénce of such cases. First, the 
mothers of such children may not in fact have been 
normal. A woman may suffer from idiopathic 
thrombocytopenic purpura, but be symptom-free 
and in remission during pregnancy, and yet give 
birth to a thrombocytopenic infant (Urbanski and 
Hutner, 1942; Finn, 1944; Sanford, Leslie, and 
Crane, 1936). A single postnatal examination may 
be insufficient to reveal the presence of the disease. 
A second explanation might be that idiopathic 
thrombocytopenia is a genetic fault, in which the 
apparently normal mothers (or fathers) are carriers 
of the condition. There is as yet, however, no 
direct evidence to support this idea. Thirdly, it may 
be that these infants are developing the disease 
known in adults as idiopathic thrombocytopenic 
purpura at a very early age. This has been reported 
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as occurring in the first year of life (Wintrobe, 1946). 
The present theories of the aetiology of idiopathic 
thrombocytopenic purpura are not incompatible 
with the disease manifesting itself at such an early 
age. Many authors believe that the condition is due 
to over-production by the spleen of a factor which 
causes arrest of platelet formation by the mega- 
karyocytes (Dameshek and Miller, 1946), or which 
gives rise to capillary abnormality (Robson, 1949). 
Other writers have adduced evidence of a coagula- 
tion defect in this condition (Allen, Bogardus, 
Jacobson, and Spurr, 1947; Alexander and de Vries, 
1949; Quick, 1949). In the light of these theories, 
the cases reported by Bayer (1931) are of consider- 
able interest (Table 3). This writer studied capillary 
resistance and blood coagulation in the newborn, 
and reported 49 cases of haemorrhagic disease, all 
of which showed capillary fragility. Nine of these 
cases in addition were markedly thrombocytopenic, 
and have therefore been included in Group 2, since 
the mothers were said to be normal. It is interesting 
to note that five of these cases had melaena, but 
did not show any skin manifestations of purpura. 
In the absence of careful blood examination such 
cases could easily be mistaken for examples of 
melaena neonatorum due to hypoprothrombinaemia. 
This might account for the small proportion of 
cases of melaena neonatorum which do not respond 
to vitamin K therapy. It seems reasonable to 
suggest that careful investigation of the relationship 
between capillary function, platelet levels, and the 
coagulation mechanism in all types of purpura in 
the newborn might go far towards elucidating the 
problem of congenital and neonatal purpura. 


Summary 


A comprehensive survey of the literature reveals 
that 52 cases of congenital or neonatal thrombo- 
cytopenia have now been reported. Three further 
examples are recorded*. These cases have been 
critically reviewed, and classified. 


We wish to thank Professor R. W. B. Ellis and 
Professor L. S. P. Davidson for their advice and criticism; 
Mr. R. W. Mathews of E. & S. Livingstone, Ltd. for the 
illustration of Case 2; and Dr. Agnes MacGregor for 
the post-mortem report. 


The mother of Case I, since the presentation of this paper, has had 
‘nother baby (a girl) who developed congenital thrombocytopenic 
purpura of the skin three hours after birth. This case also belongs 
» Group IA; platelet counts 45,000-60,000 per c.mm. Marrow 
blood only obtained showing few megakaryocytes. The infant was 
\reast-fed and doing well when last seen. 
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GANGRENOUS PURPURA AND ITS OCCURRENCE IN 
MENINGOCOCCAL SEPTICAEMIA 
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It is well-known that severe confluent purpura 
may result in death of the affected skin and sub- 
cutaneous tissues. This phenomenon, known as 
necrotic or gangrenous purpura, is, however, rare, 
and few cases have been recorded in this country. 
I wish to report the case of an infant who suffered 
and recovered from this condition, and also to 
discuss its aetiology and to describe the clinical 
features with special reference to the form 
encountered in meningococcal septicaemia. 


Case Report 


G.C. (No. 572/49), a boy, aged 43} months, was 
admitted to The London Hospital in the evening of 
January 7, 1949. He was the third living child of healthy 
parents. Pregnancy and labour had been uneventful, 
and the birth weight had been 7 lb. The baby was breast 
fed and had been very well, though gaining weight 
excessively and now weighing nearly 18 lb. There had 
been no known contact with infections during the recent 
past. 

During the night before admission the mother had 
noticed that the baby was restless, and at midnight he 
appeared jfeverish. He refused breast feeds but did not 
vomit. In the morning he screamed when picked up or 
touched. _The mother then detected a few ‘ bruise 
spots ’ of variable size on the legs as well as one in the 
groin and: scattered ones on the arms. In the afternoon 
the baby moaned continuously, and the rash spread and 
involved the face and trunk. 

On adrpission, the infant was found to be big and 
obese, looking ill and pale, but not cyanosed, and crying 
persistently. The temperature was 102-4° F., the pulse 
rate 156, and the respiration rate 50 per minute. There 
was a marked purpuric rash all over the body except on 
the palms, soles, and scalp. The individual lesions 
differed im size from a pinhead to | in. in diameter. 
They were biggest and most numerous on the buttocks 
where many had become confluent and formed 
ecchymos¢s, up to 2 in. in diameter and of irregular 
Outline. The face, arms, and legs were moderately 
affected, the extensor and flexor aspects of the limbs 
being equally involved, while there were only a few 
lesions onthe dorsa of hands and feet and on the trunk. 
The haemorrhagic areas felt firm, some of the smaller 


Ones almost nodular. They were of a dull, port wine 
colour, and the larger lesions had a narrow erythematous 
border. In addition there was a faint pink mottling, 
more marked on the trunk than on the limbs. 

The conjunctivae were congested, and the palpebral 
portions showed a few petechiae on both sides. Such 
spots were also noticed on the palate. The tongue was 
slightly furred and dry, the fauces were normal, and 
there was no glandular enlargement. The anterior 
fontanelle was open about $4 in., and the tension was 
normal. 

The infant was conscious, grasped and kicked 
strongly, but seemed very irritable. There was doubtful 
neck rigidity, but Kernig’s test and Brudzinski’s neck 
sign were negative, and there were no other abnormal 
physical signs in the nervous system or elsewhere. The 
urine showed a trace of albumin, but no other abnor- 
mality. 

A diagnosis of meningococcal septicaemia was made. 

Lumbar puncture was performed and showed faintly 
opalescent, colourless fluid at a pressure of 115 mm. 
The cerebrospinal fluid contained 55 leucocytes per 
c.mm., protein 50 mg. %, sugar 87-5 mg. %, and 
chlorides 655 mg. %. The deposit showed polymor- 
phonuclears and lymphocytes in approximately equal 
numbers. Organisms were not seen and the fluid was 
sterile. 

Nose and throat swabs were negative for meningococci. 
A blood count showed the haemoglobin to be 80%, the 
W.B.C. 22,100 per c.mm. with 74% polymorphonuclears, 
and platelets were plentiful in the film. The bleeding time 
was 2 minutes, and the clotting time 1 minute 52 seconds. 
One of the purpuric lesions on the buttocks was scarified, 
and a smear made from it showed a few intracellular 
Gram-negative cocci, morphologically resembling menin- 
gococci. Blood culture was not performed as internal 
jugular or anterior fontanelle puncture would have been 
required, and these were not considered advisable in 
view of the baby’s critical condition and the presence of 
extensive haemorrhages. 

At the time of lumbar puncture 5,000 units of peni- 
cillin were injected intrathecally, and this was repeated 
the next day. Penicillin, 25,000 units, and ‘ sulpha- 
mezathine soluble’, 1 g., were also administered 
intramuscularly, and this was followed by penicillin 
25,000 units intramuscularly 6-hourly and ‘ sulphameza- 
thine ’ (sulphadimidine) 0-5 g. by mouth 4-hourly. The 
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nursed on his side or prone, and the gastric drip was 
continued. 

On the fourth day (January 10) the ecchymoses 
appeared less raised and the purpuric eruption generally 
appeared quiescent, while the erythematous mottling had 
disappeared. There was now a weeping area on the right 
buttock with a diameter of 4 in., and there were flaccid 
blisters of similar size on the left. 

On the fifth day (January 11) there were two additional 
blisters on the left buttock, while the legs felt softer. 
The child was not dehydrated any longer, and the 
gastric drip was discontinued and replaced by bottle 
feeds of expressed breast milk. A blood count showed 
haemoglobin 76%, W.B.C. 8,400 per c.mm. (39% 
polymorphonuclears, 60% lymphocytes, "1% mononu- 
clears), and a normal number of platelets in the film. 
Lumbar puncture revealed clear colourless fluid under a 
pressure of 110 mm., containing 2 leucocytes per c.mm. 
and 40 mg. % of protein. The dosage of penicillin was 
changed to 30,000 units 8-hourly intramuscularly, and of 
sulphadimidine to 0-25 g. 6-hourly. 

On the sixth day (January 12) the purpuric lesions 
were beginning to heal, particularly on the face. Both 
buttocks were now oozing and were dressed with 
tulle gras. 

On the seventh day the baby’s condition was satis- 
factory but the temperature still continued to be 





Fic. 1.—Patient on second day. 


dosage of the latter was halved after 24 hours. Vitamin C 
(ascorbic acid 25 mg. b.d.) and vitamin K (‘ synkavit ” 
10 mg. intramuscularly daily) were also given. 

The baby took fluids reluctantly from the bottle and 
remained restless during the night. The next morning 
(January 8) he appeared slightly dehydrated, and a 
gastric milk drip was set up. The rash had by now 
become more purple and intense, the relative distribution 
remaining unaltered. On the buttocks the lesions had 
become still more confluent (Fig. 1) and also raised into 
plaques, some of which now showed paler greyish and 
slightly softer centres. The legs felt firm and indurated. 
The infant made frequent sudden jerking movements of 
the limbs, and the spleen had become palpable. The 
temperature was still 101-103° F. 

Lumbar puncture on this day revealed clear colourless 
fluid at a pressure of 205 mm. containing 70 leucocytes 
per c.mm., protein 40 mg. %, sugar 75 mg. %, and a 
sulphonamide level of 5-25 mg. %, with a deposit of 
lymphocytes, a few eosinophils and occasional red blood 
cells. The fluid was again sterile. 

On the third day (January 9) the temperature had 
fallen to 100-101° F., and the infant’s general condition 
was improved. The purpura had not spread any further, 
out the pale centres of the ecchymoses on the buttocks 
nad softened to definite blisters, from some of which , 
sanguineous fluid was seen to ooze. The infant was Fic. 2.—Patient on fifteenth day. 





= a 











186 | ARCHIVES OF DISEASE IN CHILDHOOD 





Fic. 3—Patient on twenty-ninth day. 


100-101° F. A blood culture was taken but proved 
sterile both aerobically and anaerobically. 

On the eighth day breast feeding was begun again, and 
sulphadimidine therapy discontinued. The infant now 
weighed 17 Ib. 11 oz. 

By the tenth day the purpuric lesions were all healing, 
but on the buttocks there were now sharply circum- 
scribed ulcers extending deeply into the subcutaneous 
tissues and containing soft haemorrhagic sloughs. These 
were covered with tulle gras, and with penicillin cream 
or subsequently penicillin-sulphathiazole powder, but 
they tended to become soiled by faeces. Systemic 
penicillin treatment was continued, but from the twelfth 
day was given orally (20,000 units 3-hourly before 
feeds). 

By the fourteenth day (January 20) the haemorrhagic 
sloughs on the buttocks were beginning to separate in the 
form of blackish-brown pieces of a jelly-like consistency. 
This left deep ulcers with sharp punched-out edges 
(Fig. 2). One piece of slough was examined bacterio- 
logically: Proteus, Bact. coli, and a faecal streptococcus 
grew on culture. A blood count now showed haemo- 
globin 65%, W.B.C. 18,900 per c.mm. with 42% 
polymorphonuclears, slight anisocytosis and _ poly- 
chromasia, platelets being plentiful in the film. 

The separation of sloughs was complete by the 
sixteenth day, and the base of the deep ulcers appeared 
fairly clean. The infant’s general condition was good, 
and the weight was rising, while the temperature had 
fallen to 99° F. 

Two days later a swab taken from the ulcers on the 


buttocks still showed a moderate number of pus cells 
in the film but no organisms. Staphylococcus pyogenes 
and scanty Proteus were grown on culture; both proved 
insensitive to sulphonamides. Local treatment was 
therefore changed to eusol compresses. On this regime 
the ulcers epithelialized well and remained clean. 

Oral penicillin was discontinued on the twenty-fifth 
day (January 31). The infant’s further progress was 
complicated by an upper respiratory infection with 
gastroenteritis. Bilateral otitis media developed and 
required myringotomy on the thirty-fourth day 
(February 9). After that the baby made an uneventful 
recovery. 

The buttocks healed satisfactorily (Fig. 3), and when 
the infant was discharged home on the forty-first day 
(February 16) there was only one moist, unepithelialized 
streak, about } x 14 in. in size, on each side. He 
continued to be seen as an out-patient and did well. 

A month after discharge his buttocks were fully 
healed though showing considerable scarring (Fig. 4). 

A meningococcal complement fixation test was per- 
formed on the sixteenth day (January 22) and proved 
positive to a serum dilution of 1:10 with antigen from 
Group II meningococcus. Control tests with antigens 
from Group I meningococcus, gonococcus, and Micro- 
coccus catarrhalis were negative. The test was repeated 
on the day of discharge (February 16) when it was 
weakly positive to meningococcus Group II antigen at 
a serum dilution of 1:5. Fifteen days later it was 
negative. The Wassermann reaction was also negative. 

When last seen on December 6, 1949, 11 months after 
admission, the baby weighed 26 lb. 7 oz. and was quite 
well although he had suffered from frequent upper 
respiratory infections. There had been nofurther purpura 
or other haemorrhages. 

To summarize: this was a case of widespread purpura 
of sudden febrile onset in an infant aged 44 months. 
Gangrene supervened in areas of confluent purpura on 
both buttocks. The spread of haemorrhagic lesions was 
arrested and the constitutional disturbance ceased on 
treatment with penicillin and sulphadimidine. The 
buttocks healed with scarring after separation of the 
sloughs, and the baby made a full recovery. 





Fic. 4.—Patient on seventy-second day. 
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The condition is thought to have been due to meningo- 
coccal septicaemia, for although the infecting organism 
was not isolated in culture, meningococci were inculpated 
by (1) the acute febrile onset with an erythematous rash 
accompanying purpura, (2) the raised cell count in the 
cerebrospinal fluid, probably indicating the onset of 
meningitis, (3) the finding of Gram-negative cocci, 
morphologically identical with meningococci, in a 
purpuric lesion, (4) the positive meningococcal comple- 
ment fixation test on the sixteenth day of the disease with 
subsequent fall in titre. 


Aetiology of Gangrenous Purpura 

In his textbook ‘ On Cutaneous Diseases,’ Robert 
Willan (1808) described ‘ purpura haemorrhagica ’ 
in a woman of 36 years, and stated that ‘ two spots 
on the back of the left hand terminated with 
gangrenous sloughs.’ Other cases of purpura with 
necrotic changes were reported by a number of 
observers in the nineteenth century. The lesions 
varied from necrosis of patches of skin to complete 
gangrene of both feet (Warden, 1878). They were 
generally more marked on the limbs than on the 
trunk, the face was moderately involved, while the 
buttocks and feet were often particularly severely 
affected. Sometimes the gangrene was remarkably 
symmetrical; if healing occurred, it might take 
several months (Petri, 1879). 

In some of those early cases the purpura was 
quite evidently symptomatic in the course of some 
other disease, such as typhus fever, haemorrhagic 
smallpox, chickenpox or scarlet fever and other 
exanthemata; or in certain cases of poisoning and 
of nutritional defect. It was also known that local 
pressure applied to purpuric lesions in general was 
easily followed by necrosis. But in the majority 
of cases the cause was quite obscure, and many 
authors thought that ‘purpura haemorrhagica 
gangraenosa ° might be a disease sui generis. 

In the Continental literature, Martin de Gimard 
(1888) is credited with being the first to have made a 
systematic study of this syndrome. In his thesis 
on ‘ primary haemorrhagic purpura’ he is said to 
have described two cases with gangrene, a fatal one 
in a boy of 14 years of age, and a non-fatal one 
in a boy of 8 years. In the former he cultured a 
Gram-positive coccus from the blood, and by 
inoculating this organism into animals he produced 
purpuric lesions, in which he demonstrated the same 
cocci. He postulated a septicaemic process caused 
by this ‘micrococcus purpurae’ and an inflam- 
matory reaction on the part of cutaneous vessels 
producing the haemorrhages. However, he evidently 
had to admit that his organism was difficult to 
isolate, and other workers were unable to verify 
his results, though they incriminated a variety of 
known bacteria. 
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Efforts to find the cause of this apparently primary 
gangrenous purpura continued but were hampered 
by the rarity of the condition. By 1896, Biircher 
was able to collect 16 cases from the European 
literature and added one of his own, a girl aged 

4 years, with sudden febrile onset of extensive 
purpura and subsequent recovery. He emphasized 
the youth of the patients. Among 24 cases of this 
and related purpuric conditions, 21 occurred in the 
first three decades and 10 were in children aged 
1 to 10 years. 

In the present century, scanty cases are still 
recorded in which gangrenous purpura occurred 
purely symptomatically in some other disease, and 
it may be noted in passing that it appears to be 
found in temporary haemorrhagic states, as in 
polyarteritis nodosa (Freund, 1926) or intolerance 
to mussels (Dérot, Tanret and Brochen, 1948), 
rather than in the actual blood diseases. It would 
seem to be intimately associated with vascular 
damage while the clotting mechanism of the blood 
may be quite normal. 

As to the ‘purpura gangraenosa’ which had 
previously been thought to be a primary disease 
entity, bacteriological advances have revealed that 
the majority of cases are indeed septicaemic in 
origin as Martin de Gimard had thought, but a 
variety of organisms may be responsible. The 
most important one now is the meningococcus. In 
addition there are still some cases of obscure 
causation, which may be anaphylactoid in nature. 

Septicaemic purpura in meningococcal infection 
will be discussed in detail below. Among the other 
organisms which may cause it, streptococci are 
outstanding. Chevallier (1937) indeed thought that 
these were the usual cause of gangrenous purpura. 
He emphasized that Martin de Gimard had isolated 
Gram-positive cocci, and he described a case of his 
own, a nurse aged 28 years, who had subacute 
bacterial endocarditis and whose blood culture 
showed a non-haemolytic streptococcus. The 
histology of purpuric skin lesions in this patient 
revealed a strongly haemorrhagic acute ‘ pan- 
angeitis ’ of the terminal blood vessels of the skin. 
Rigal’s (1880) case may well have been similar, as 
fever and gangrenous purpura supervened in a 
patient with rheumatic mitral stenosis and insuf- 
ficiency. Beinhauer (1929) recorded deep purpuric 
gangrene of the lower limbs in a boy aged 2 years 
and 4 months who finally died of pneumonia and 
streptococcal septicaemia, but the initial aetiology 
was obscure.’ Michael’s (1920) case of purpura 
with symmetrical gangrene of the fingers was 
suggestive of septicaemia, but no organism was 
isolated on blood culture. 

Idiopathic cases without evidence of septicaemia 
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or underlying primary disease are still described. 
Sometimes they occur during convalescence from 
acute fevers, such as measles or ‘scarlet fever, but 
often there is no clue whatsoever as to the cause. 
Recently Sheldon (1947) reported three such cases 
in children and emphasized the anaphylactoid type 
of symptoms, viz. pains in the limbs (sometimes with 


joint swellings); subcutaneous swellings of eyelids, 


hands and feet; absence of fever and of poly- 
morphonuclear leucocytosis. He also gave a 
detailed description of the purpuric rash, which 
differed little from gangrenous purpura in septic- 
aemic cases like that reported above. Sheldon 
suggested that the * purpura necrotica ’ which he 
described might be analogous to the Shwartzman 
phenomenon, in which haemorrhagic necrosis is 
produced at the site of an intradermal injection of 
bacterial filtrate by injecting the same filtrate 
intravenously some 24 hours later. The fact that 
disseminated gangrenous purpura has been described 
in the course of serum sickness in a boy recovering 
from scarlet fever (Lesné, Lefévre, and Laffitte, 1922) 
might be taken as evidence in favour of the anaphy- 
lactoid nature of some of these cases. 

Relationship to Purpura Fulminans. The aetiology 
of apparently primary ‘ purpura gangraenosa’ as 
described above is remarkably similar to that of 
purpura fulminans. The latter condition was first 
fully described by Henoch (1887) who recorded two 
cases of his own and summarized a third previously 
reported by Charron and a fourth communicated 
to him by Michaelis. All four were children, aged 
9 months to 5 years, who suddenly developed 
rapidly spreading, confluent ecchymoses and died 
within 24 hours or at the most four days without 
having developed any complications. The haemorr- 
hages were confined to the skin, and apart from one 
conjunctival petechia in one case the mucosae were 
not involved. Unless death supervened in 24 hours, 
blisters were noted to form on the ecchymoses, but 
the author insisted that gangrene did not develop. 
Necropsy findings were uniformly negative and 
failed to reveal the cause of the condition. Henoch 
admitted that the interpretation of these cases was 
obscure. A preceding infection (pneumonia and 
possible scarlet fever, respectively) had been present 
in the first two cases but not in the others. 

Subsequently, occasional similar cases were 
recorded. By 1905, Risel was able to review 12, 
including one of his own, all. in children aged 
5 years or less. One of these (Borgen’s case) was 
evidently due to streptococcal septicaemia, and 
thereafter improvements in bacteriological technique 
gradually revealed septicaemia as a frequent cause 
of the syndrome. It was also shown that the 
patients usually had a polymorphonuclear leuco- 


cytosis with a normal number of platelets and that 
the clotting mechanism of the blood was generally 
unimpaired. 

Many distinguished authors concluded that 
purpura fulminans was simply a manifestation of 
hyperacute septicaemia in young children. This 
was also the opinion expressed by Hammer (1928) 
in a full review of the subject. Some consider the 
condition particularly characteristic of fulminating 
meningococcal or streptococcal purpura. 

There are, however, others who state that the 
septicaemic cases do not represent the true purpura 
fulminans of Henoch at all. Certainly, examples of 
the condition with sterile blood culture and without 
other evidence of septicaemia have been recorded 
from time to time. Such cases were Risel’s (1905) 
own which followed scarlet fever and also those 
described by Bischoff (1924), Morawitz (1926), and 
Knauer (1927). Morawitz thought that the remark- 
able symmetry of the lesions in these non-septicaemic 
cases might indicate an aggravation of vascular 
damage by an abnormality of vasomotor centres in 
the spinal cord, as had long been suggested by 
French authors. Rolleston (Rolleston and 
McCririck, 1910; Rolleston and Ronaldson, 1940) 
noted that a considerable proportion of the recorded 
cases of purpura fulminans had occurred during 
convalescence from scarlet fever. Finally Glanz- 
mann (1937) emphasized that the condition usually 
arose in an ‘ anaphylactoid situation,’ i.e., after 
infections such as pneumonia, measles, chickenpox, 
and scarlet fever. In a case of his own, a baby 

ged 63 months who recovered, he stressed the 

mmetrical arrangement of ecchymoses and the 
fact that crops of purpura were accompanied by 
papules with urticarial borders and by pale inflam- 
matory oedema of the feet. He found the 
platelets, clotting and bleeding times, clot retraction 
and plasma fibrinogen normal, he noted only slight 
leucocytosis ‘ without strong nuclear shift’ (to the 
left), and stressed the occurrence of eosinophilia, 
especially in convalescence. He concluded that 
Henoch’s purpura fulminans is only the most severe 
form of anaphylactoid purpura. 

Thus it will be seen that the clinical syndrome of 
purpura fulminans like that of ‘ purpura gangrae- 
nosa’ has been attributed chiefly to septicaemia, 
but it may also occur in an idiopathic, possibly 
anaphylactoid, form. 

As Chevallier (1937) has pointed out, the 
descriptions of purpura fulminans in the literature 
are on the whole very similar to the early stage of 
gangrenous purpura. If Henoch insisted on the 
absence of ‘ gangrene’ he took that term in the 
sense of putrefaction, and there was not enough 
time in his cases for this or for sloughing to develop. 
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Purpura fulminans and gangraenosa may now 
indeed be linked together as different forms of the 
same condition, and if the former ceases to spread 
it may change into the latter. 


Gangrenous Purpura in Meningococcal Septicaemia 

Meningococcal septicaemia was not recognized 
as a cause of gangrenous purpura until the 1914-18 
war, when the infection was prevalent, especially 
among soldiers and children. Instances in the 
British literature are the cases reported by Gardner 
Robb (1916) and by Elliott and Kaye (1917). The 
latter described a soldier who had meningitis and 
necrotic purpura complicated by trench feet. They 
pointed out that purpura in cerebrospinal meningitis 
was rarely followed by necrosis, partly perhaps for 
the reason that severe purpura was usually associated 
with so overwhelming an infection that death ensued 
before the local necrotic changes could occur. In 
France, Blanchier (1918) described 16 cases of 
meningococcal purpura in children, only one of 
whom developed gangrenous changes. This was a 
boy of 6 months who was treated with antimeningo- 
coccal serum but developed iridocyclitis, arthritis of 
both elbows, and erysipelas and finally died. 

Recently meningococcal infection has figured most 
prominently in the scanty case-records of gan- 
grenous purpura. This is probably due to the fact 
that patients with fulminating meningococcal 
septicaemia and extensive purpura may now survive 
owing to the prompt administration of chemo- 
therapy and will thus have time to develop local 
necrotic changes. In France, Poinso, Claudo, 
Aubanel, and de Balmann (1939) reported the case 
of a girl who had meningococcal meningitis and 
gangrenous purpura and who recovered on treat- 
ment with a _ sulphonamide, anti-meningococcal 
serum, vitamin A, and small blood transfusions; 
the photographs of this patient are reminiscent of 
our own. In 1946 Marie, Seringe, Cousin, and 
Marie added three cases, all below 3 years of age, 
who recovered on treatment with sulphonamides 
and anti-meningococcal serum. 

In the United States, Thomas (1943) described an 
outbreak of meningococcal infection among troops 
which involved 1,935 cases with 64 deaths. He 
mentioned that four patients had large sloughs 
involving the skin and subcutaneous tissues in 
confluent purpuric areas; so this represented a rare 
complication. Hill and Kinney (1947) record 
gangrenous purpura of the extremities in two 
patients recovering from acute ‘ meningococcaemia.’ 
in one of these, necrosis of the entire toes occurred 
and amputation was necessary. De Fuccio and 
Dresner (1949) report that bilateral amputation of 
the feet was required in a Negro boy treated with 


’ nerve. 
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sulphadiazine and intrathecal and intramuscular 
penicillin. A similar occurrence in a woman of 27 
years is related by Hayes and Whalen (1945), but 
the meningococcal aetiology does not appear to 
have been proved. Bernstein (1944) described the 
case of a 34-year-old woman with meningococcal 
meningitis who developed purpuric dry gangrene of 
the toes and of scattered areas of the skin and also 
causalgia along the distribution of the right ulnar 
In this country, Banks (1948) in his review 
of meningococcal disease, mentions that ulcers of 
the skin and subcutaneous tissue occasionally result 
from the breaking down of massive purpuric lesions 
and that scarring may result, but he gives no details. 
Adding our own case to those just quoted and 
omitting those which are not fully described or 
proven, we are left with ten patients as follows. 











Author Sex Age Course and Complications 
Gardner Robb M. ‘* Youngman’ | Meningitis and ophthalmia. 
(1915) Recovered with loss of 
one eye. 
Elliott and 
Kaye (1917) M. 23 Meningitis. Slow healing 


of gangrenous areas on 
| thighs. Recovery after 
amputation of frost-bitten 
| (gangrenous) feet. 
Blanchier (1918) M. 6 months Died after development of 
right iridocyclitis, arth- 
| ritis of elbows and ery- 
sipelas. 
Poinso et al. 

(1939) F. 3 Meningitis. Recovered. 
Right otorrhoea during 
convalesence. 

Bernstein (1944) F. 34 Meningitis. Recovered 
| after amputation of gan- 
| grenous toes. Causalgia 
| right arm. 
Marie et al. 

(1946) F. 2 


” ” M. 
” ” r. 


| Meningitis. Recovered. 
Extensive herpes simplex. 
Meningitis. Recovered 

? right basal pneumonia. 
Recovered. 


1 year 10 months 
2 years 3 months 


DeFuccio and 
Dresner (1949) M. 7 Meningitis. Recovered 
after amputation of both 
feet. 

Present case M. 44 months | Recovered. Bilateral otitis 
| media and gastro-enteritis 
in convalescence. 





Sex and Age Incidence. This series of ten cases 
is too small for detailed analysis, but it will be seen 
that the sexes are approximately equally affected (six 
male, four female), that the oldest patient was aged 
34 years while ours was the youngest at 43 months, 
and that seven of the 10 patients were children, 
six being aged 3 years or less and two being infants 
under 1. 

In this connexion it may be remembered that the 
incidence of meningococcal infection in general 
declines after the age of 25, that it falls most heavily 
on children under 5 years old, and that there are far 





190 


more cases in infants under the age of | than in any 
other single year of age (Banks, 1948). 

Pathology and Pathogenesis. The histology of 
meningococcal purpura was first studied by German 
pathologists in the 1914-18 war. It was shown that 
the characteristic lesions were inflammatory in 
nature and affected the blood vessels. Haemorrhagic 
infiltrations in the dermis Were found to centre 
around small inflammatory foci consisting chiefly 
of polymorphonuclear cells and encircling small 
vessels: especially arterioles. These infiltrations may 
be widespread and split the elements of the dermis 
and extend into the subcutaneous tissues. The 
arterioles show inflammatory and haemorrhagic 
changes of their coats and may exhibit hyaline and 
cellular thrombi obliterating the lumen or, rarely, 
even total necrosis of the wall. In gangrenous 
purpura the typical inflammatory-haemorrhagic 
eionspre found along the edges of the plaque while 
the centre consists of a necrotic mass involving not 
only the dermis but also the subcutaneous tissues. 
The epidermis is then also infiltrated by red blood 
cells up to the stratum granulosum or even the 
corneum, and, owing to accompanying oedema, is 
lifted up into blisters and finally shares in the 
necrotic process. Gram-negative diplococci may 
occasionally be found in the arterioles and in the 
extravascular exudate. Marie eft al. (1946) per- 
formed skin biopsies in their three cases of gan- 
grenous purpura and found essentially the same 
lesions. The early changes were followed by 
necrosis and subacute inflammatory ulceration and 
finally by fibrosis of the deeper parts of the dermis 
and of the subcutaneous tissues. Gram-negative 
diplocdcci were demonstrated in the skin sections 
of one of their patients. Hill and Kinney (1947), 
studying necropsy material, found meningococci in 
the endothelial cells of small blood vessels and 
capillaries and also in the cytoplasm of many 
leucocytes. 

We may conclude that the skin lesions can be 
explained on the basis of vascular damage resulting 
from the presence of meningococci which injure the 
endothelium and cause inflammation of the vessel 
walls with consequent necrosis, thrombosis, and 
extravasation. However, this damage may be, at 
least partly, an effect involving sensitization. 
Shwart"man (1928) demonstrated in rabbit experi- 
ments that meningococcal culture filtrate could 
produce the phenomenon since named after him. 
The filtrate was inoculated intradermally, and this 
was followed by an intravenous injection of the 
same substance 24 hours after. Within three to four 
hours of the second (or provocative) injection the 
skin at the site of preparation became haemorrhagic 
and then necrotic. This experiment has been 
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extended by Black-Schaffer, Hiebert, and Kerby 
(1947) who produced the same Shwartzman 
phenomenon by using washed meningococci, both 
living and dead. Strains obtained from human 
purpuric cases were more active than those from 
patients suffering from meningitis without purpura. 

It has been mentioned already that a form of the 
Shwartzman phenomenon has been suggested as 
the underlying process in the idiopathic form of 
gangrenous purpura (Sheldon, 1947), and it would 
seem quite possible that some such mechanism 
forms the connecting link among most, if not all, 
forms of severe purpura with necrosis. 

Bacteriology. In epidemics of cerebrospinal 
fever, meningococci of Group I (Gordon’s types I 
and III) are found much more commonly than those 
of Group IL (Gordon’s types II and IV). Both 
groups, however, are pathogenic, and in rabbits the 
ability to produce purpura was shown to bear no 
relation to the serological group of the organisms 
(Black-Schaffer et al., 1947). 

While Group I (‘ Meningococcus A’) was held 
responsible for the gangrenous purpura in Poinso’s 
(Poinso, Ciaudo, Aubanel, and de Balmann, 1939) 
patient, Group II was inculpated in the second case 
of Marie et al. (1946), in that of De Fuccio and 
Dresner (1949), and in ours. 

Symptomatology. It is not intended here to 
describe acute meningococcal septicaemia in detail. 
There will be symptoms and signs of an acute 
infection of sudden onset. Signs of meningitis and 
even of encephalitis or adrenal involvement may be 
present (see Banks, 1948). 

Characteristically, the skin will reveal not only 
the purpura, which we are to discuss further, but 
also other rashes. These are of diverse types, and 
different lesions may be present simultaneously. 
In the early stages, the commonest are erythematous 
macules, about 2 mm. to 1 cm. in diameter, which 
may appear rubelliform or may simulate the rose- 
spots of typhoid fever; they are found chiefly on 
the trunk and legs. Papular, nodular, and vesicular 
lesions have also been described. Some of the 
erythematous areas and papules may have purplish 
haemorrhagic centres, and the larger ones are nearly 
always palpable and may resemble erythema 
nodosum. Herpes febrilis of extensive and atypical 
distribution, so common in cerebrospinal fever in 
adults, is rare in children under 3 years. 

Purpura is present in the majority of cases of 
acute meningococcal septicaemia, and may be very 
extensive. The individual lesions vary in size from 


pinhead petechiae to large blotches and extra- 
vasations covering whole segments of the body. 
They are usually firm and indurated, so that the 
smaller ones feel shotty or nodular, while the larger 
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ecchymoses form distinct plaques. Marie et al. 
(1946) have described ‘ lead shot ’ (grain de plomb) 
nodules in the skin with or without overlying visible 
purpura. The larger extravasations have a perfectly 
clear outline forming an irregular ‘ geographical ’ 
pattern, which has often been likened to an ink-spot 
extended by folding a sheet of paper around it. 

As regards the distribution of the purpuric lesions, 
it is striking that the buttocks were severely affected 
in all the recorded cases of gangrenous purpura in 
babies. In older children and adults the feet, 
particularly the toes, are often the sites of predilec- 
tion. The rest of the lower limbs, arms and face 
(including ears) are also frequently involved at all 
ages. The trunk, neck, and scalp are less commonly 
affected by large purpuric lesions, and the mucous 
membranes are relatively free, though isolated spots 
may be found in the mouth and conjunctival sacs. 
Generally, sites of trauma and pressure are likely 
to show purpura, e.g. the point of the elbow, or skin 
anywhere compressed by strapping. In infants, 
pressure may well explain both the predilection for 
the buttocks and the absence of complete symmetry. 

The lesions of gangrenous purpura are initially 
port wine colour, and they frequently show an 
erythematous, and sometimes oedematous, border. 
Subsequently their colour darkens to purple and 
violet. Blisters form on the surface and eventually 
burst discharging serous or sanguineous fluid. 
Finally, the whole plaque becomes bluish-black or 
violet-black from gangrenous ischaemia and sharply 
demarcated from the surrounding healthy skin. 
The eschar is usually confined to skin and sub- 
cutaneous tissues; when it separates it leaves a raw 
granulating surface which heals with considerable 
scarring. Following Marie et al. (1946) one may 
describe four phases in this evolution: (1) phase of 
appearance and generalization—48 hours; (2) phase 
of necrosis—four to five days; (3) phase of separa- 
tion of sloughs—second to fourth weeks; (4) phase 
of repair—fifth to eighth weeks. 

The smaller lesions usually fade without leaving 
residual signs, but they may form a purplish crust 
which drops off and may leave a tiny scar or light 
brown pigmentation. 

Haematology. A polymorphonuclear leucocytosis 
is nearly always present; the bleeding and clotting 
times, platelet count, and clot retraction are usually 
within normal limits, though some initial abnor- 
malities have been reported. 

Diagnosis. Some of the general clinical features 
will suggest the presence of acute meningococcal 
septicaemia in cases of purpura. Such features are 
the co-existence of other erythematous skin rashes, 
of meningitis or of localized muscle and joint pains. 
Some authors have held that certain aspects of the 
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purpura itself indicate a meningococcal aetiology, 
e.g. rapid development of vesicles or gangrene 
(Blanchier, 1918), perfect distinctness of outline and 
induration of lesions (Marie et al., 1946), or the 
presence of irregular rounded haemorrhages with 
gun-metal coloured centres (Hill and Kinney, 1947). 

However, the only reliable diagnostic proof is the 
demonstration of meningococci as the cause of the 
disease. This can be carried out in several ways. 

(1) By finding them in the purpuric lesions: the 
organisms may be shown promptly and simply in 
a smear taken from vesicles on the surface of 
purpuric plaques (Netter and Salanier, 1917) or in 
smears of serum from a scarified purpuric lesion 
(Netter, Salanier and Wolfrom, 1917), as in our 
case. Occasionally they can be cultured from fluid 
thus obtained. They can also sometimes be found in 
skin biopsies, but this method is rarely practised. 

(2) By finding them in the blood: in severe 
infections it may be possible to demonstrate 
organisms in a direct blood smear. More commonly, 
they are grown by blood culture; this proves the 
diagnosis but it takes time. 

(3) By finding them in the cerebrospinal fluid: 
this is usually possible in the presence of purulent 
meningitis and sometimes even in its absence. 
When the organisms are scanty in the deposit they 
may yet be grown on culture. 

(4) Indirectly by serological tests: the comple- 
ment-fixation test was used in our case. De Fuccio 
and Dresner (1949) obtained a positive precipitation 
reaction between fluid from their patient’s bullae 
and anti-meningococcal serum. Others have used 
the meningococcal agglutination test. 

In the differential diagnosis other septicaemic 
purpuras have to be considered first, especially those 
due to streptococci, pneumococci, and H. influenzae, 
which may all produce meningitis. The clinical 
features may differ in the points of detail already 
mentioned, and there may be an obvious primary 
focus like endocarditis, but only bacteriological 
investigation will prove the aetiology. Non- 
septicaemic idiopathic purpura may also be extensive 
and gangrenous. This is distinguished by the 
frequent history of preceding acute exanthem, by 
anaphylactoid features, and by the absence of signs 
of acute infection and of bacteriological proof of 
septicaemia. Purely symptomatic gangrenous 
purpura in the course of some other illness is 
characterized by the features of the primary disease, 
be it infective, toxic, or nutritional. The relationship 
to purpura fulminans has already been discussed, 
and the aetiological similarity to purpura 
gangraenosa has been emphasized; meningococcal 
purpura may frequently begin in a fulminating 
manner and become gangrenous later. 
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Prognosis. It was emphasized by observers as 
far back as in the First World War that the purpuric 
forms of meningococcal infection generally carry a 
graver Prognosis than the others. Widespread and 
fulminating purpura was considered a particularly 
serious sign usually indicating an early fatal 
termination. 

Witl the advent of chemotherapy the prognosis of 
all forms has improved, but severe purpura is still 
of seripus import, particularly in infants. It may 
be noted here that in meningococcal infection in 
general, Harries (1942), using sulphonamide therapy, 
still found a mortality rate of 30-8% at 3 to 6 months 
of age. 

The critical period now in fulminating meningo- 
coccal septicaemia is the first 24 hours. During this 
time, death, in spite of treatment, may occur from 
encephilitis or from overwhelming septicaemia 
which may be associated with adrenal haemorrhage. 
After survival for 48 hours the prognosis will have 
improved considerably, and necrosis will then have 
had time to become apparent in the purpuric areas. 
Hence , gangrenous purpura is now usually a 
phenomenon seen in recovering patients. 

Treatment. In all types of gangrenous purpura 
treatment must be given primarily for any under- 
lying céusative condition. Thus in the present form 
the meningococcal septicaemia has to be treated 
first, and as this will be acute or even fulminating, 
both penicillin and sulphonamides should be 
adminiftered as soon as possible, and at least the 
initial dose of the latter given parenterally. 

If there are signs of suprarenal involvement and 
peripheral vascular failure, oxygen and injections 
of adrenal cortical extract are also required. In 
these cases, transfusion of glucose-saline or plasma 
is usually indicated, and sulphonamides, penicillin, 
and adrenal extract may then be given intravenously 
in the transfusion fluid. Great care must, however, 
be exercised not to overload the failing circulation; 
also the pressure of splint and strapping on the 
limb may lead to local necrotic purpura. The use 
of plastic tubing in the vein which allows for greater 
mobility of the limb during transfusion may obviate 
the latter difficulty. 

In France anti-meningococcal serum is still used 
in addition to chemotherapy in acute meningococcal 
septicaemia. Theoretically this would appear a 
sound procedure, but in practice its value seems 
doubtful. 

Apart from specific treatment, the general 
management and nursing are of the utmost import- 
ance. The maintenance of fluid balance and of 
nutrition are of particular concern in children. 
The local treatment of gangrenous purpura aims at 
the prevention of further damage by pressure and 


by secondary infection. The patient must be nursed 
in a position avoiding pressure on the purpuric 
lesions, and these must be kept clean and covered 
with sterile dressings. Various antibiotics or 
antiseptics may be necessary to prevent or eliminate 
secondary infection. 

The separation of sloughs should be assisted in 
order to obtain clean and granulating ulcers. The 
organisms growing in these are liable to be insensi- 
tive to sulphonamides and penicillin, as these drugs 
will have been used for systemic treatment. The 
choice of a suitable application will depend on the 
bacterial flora, but flavines, propamidine, or eusol 
may be found effective. With extensive necrosis the 
resultant ulcers may require skin grafting, and in 
some of the recorded cases amputations of fingers, 
toes or feet have had to be performed. 


Summary 


The occurrence of gangrenous purpura with 
recovery is described in an infant aged 44 months. 

The aetiology of the condition is discussed. It 
is concluded that gangrenous purpura is not a 
disease sui generis, but may have a number of 
known causes, though an idiopathic, possibly 
anaphylactoid, form is also still reported. Among 
the recognized causes septicaemia now appears the 
commonest and particularly that due to meningo- 
coccal infection. This was held responsible in the 
case described. 

It is pointed out that the apparently primary 
forms of gangrenous purpura (‘ purpura gangrae- 
nosa ’) have a similar aetiology to that of purpura 
fulminans, and that the former may often develop 
from the latter, particularly if specific therapy is 
applied. 

The features of gangrenous purpura in meningo- 
coccal septicaemia are discussed in detail. 
Sensitization as in the Shwartzman phenomenon 
may play a part in the pathogenesis of the vascular 
lesions which are responsible for the purpura in 
this disease. Such a mechanism may form a 
connecting link among the severe types of purpura 
with necrosis in various conditions. 


I wish to thank Dr. K. H. Tallerman, M.C., for 
permission to publish this case and for his encouragement 
and advice. My thanks are also due to Dr. A. E. 
Wilkinson for performing the meningococcal comple- 
ment-fixation tests, to Dr. H. B. May and his staff for all 
the other laboratory investigations, to Miss Daphne 
Marshall for the photographs, and to Dr. E. H. Back 
and Dr. F. W. Nash for their help and criticism. 
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BOOK REVIEW 


Cleft Palate and Speech. By Muriet E. Mor Ley, with 
a Foreword by Proressor T. P. KiILNeR. 1951. 
Edinburgh: E. & S. Livingstone. 2nd edit. 56 
illustrations. Pp. 160. Price 12s. 6d. 


Apatt from an increase in the number of illustrations 
and a clarification of the anatomical and functional 
classification of cleft palates, the general layout and text 
of this'well designed book remain largely unchanged—a 
tribute. to the experience of the author. A historical 


survey of surgical procedures precedes a description of 
the latest techniques, and the perspective thus gained 
gives the work a satisfying sense of balance. From the 
functional point of view, the need for a close association 
between the surgeon, the speech therapist, and the 
orthodontist is stressed and the principles of manage- 
ment are as clearly stated for the student, as they are 
combined with a critical approach for the postgraduate. 


FILM REVIEWS 


Child Welfare Films. An International Index of Films 
and Filmstrips on the Health and Welfare of Children. 
Prepared by U.N.E.S.C.O. and W.H.O. May, 1950. 
Available from sales agencies of U.N.E.S.C.O. and 
W.H.O. and in the U.K. from H.M. Stationery Office. 
Price 5s. 

In November, 1948, the Executive Board of the World 
Health: Organization asked its Director General to 
cooperate with U.N. and U.N.E.S.C.O., to ‘ stimulate 
the préduction, critical appraisal, use, and exchange of 
films and other audiovisual media for use in health 
education, and to draw the attention of members to the 
advantages of national coordinating committees, 
associations or centres for this purpose...’ With 
many other duties, W.H.O. did not tackle this till 
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December, 1949, but, with an intelligent and energetic 
woman on the job, the first catalogue dealing with child 
welfare was finished in May, 1950. It lists some 1,000 
films with brief notes of the content of each. It is a 
compilation and not a critical catalogue. The informa- 
tion is that supplied to W.H.O. by 26 of 77 countries 
circularized. The U.K. section, for which U.N.O. were 
assisted by the Scientific Film Association Medical 
Committee, includes 84 health education and 11 medical 
films and 26 filmstrips. It is not only the ‘ medical ’ 
ones of these that will be valuable in teaching medical 
students. Road safety, child delinquency, education, 
are subjects on which active discussion by medical 
students can be aroused by showing films. 





